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ABACA-SOIL CONDITIONS IN TWO DISTRICTS OF THE 
PHILIPPINE ISLANDS AND THEIR RELATION 
TO FIBER PRODUCTION * 

By P. L. Sherman 

Cordage Institute Fellow, Bureau of Science, Manila 
TWO PLATES 

INTRODUCTION 

The investigations and the experiments outlined in this paper 
were made with the object of throwing light on what probably 
has been and undoubtedly will continue to be the most serious 
trouble connected with abaca-fiber production; namely, weak 
fiber. 

To gather the information and the material necessary for 
the prosecution of the work many months were spent in the 
abaca districts, more especially in those of the Bicol provinces of 
Camarines Norte, Camarines Sur, Albay, and Sorsogon, Luzon, 
and in Davao Province, southeastern Mindanao. In these places 
large collections were made from the growing plants, of the 
fibers considered representative. 

These districts were especially chosen as furnishing the best 
examples of the oldest and the newest varieties of abaca plants, 
as well as the finest and the weakest. The methods of produc¬ 
tion, preparation, and storage, used probably seventy-five years 
ago, were studied side by side with those introduced during 
the past two or three years. 

* Tho soil and ash analyses reported were made by the division of soils, 
Bureau of Science, Manila. 
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The author would like to express personal thanks for all 
the help, cooperation, and good will he has received since begin¬ 
ning this work, but he feels that they would fall far short of 
the mark and that all of the space should be devoted to bringing 
out the evident satisfaction of the entire abaca industry at the 
inauguration of this pioneer work by the Cordage Institute of the 
United States. This is the more remarkable when it is under¬ 
stood that these investigations were made possible only through 
the active cooperation of Filipinos, Germans, Chinese, Spaniards, 
Britishers, and Americans engaged in the abaca industry, all of 
whom, without exception, did all they could to further the work. 
In the Bureau of Science and the Bureau of Agriculture, as well 
as in the Fiber Standardization Board, the chiefs and assistants 
of the various departments appealed to gave willing personal 
aid and assistance and undertook much of the detail work ap¬ 
pearing here and yet to be published. 

It is fundamental that plant growth is determined by the kind 
and the amount of the chemical substances furnished through 
its roots and by the surrounding conditions of moisture and 
climate. Serious disturbance of normal growth may result, con¬ 
sequently, from any change of normal conditions. This distur¬ 
bance is generally manifested by disease or abnormal products, 
and in the case of abaca apparently by diminished resistance 
to disease and a weak fiber of short durability, in place of the 
strong, lasting fiber known all over the world as the premier 
cordage material. 

Analyses of abaca disclose two distinct kinds of chemical con¬ 
stituents: inorganic, or the mineral salts taken from soil moisture 
by the roots; organic, or the material furnished both by the roots 
and by the photosynthesis of the plant itself in the leaves. 
These two kinds of chemical constituents combine to make the 
complex chemical bodies that supply the materials for plant 
growth and development. 

MINERAL CONSTITUENTS OF ABACA FIBER 

In order to understand better what the abaca plant has taken 
from the soil in the way of mineral substances necessary for 
its growth, ashes were made from characteristic varieties of 
abaca in various localities, and these ashes were analyzed for 
the principal mineral constituents recognized as being most im¬ 
portant in plant growth. In preparing these ashes it was early 
discovered that their tendency to assume various colors during 
the burning of the fiber made it necessary to adopt a method 
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that would secure uniform results. This was especially neces¬ 
sary in as much as many persons have claimed a true distinc¬ 
tion between abaca and Canton could be based solely on the 
differences between the color and the texture of the ashes of 
the respective fibers. 

PREPARATION OF ABACA ASH 

Twenty-five grams of the full length of fiber of each sample 
were taken, cut into small pieces, and charred in a large por¬ 
celain crucible, which was refilled about three times to complete 
the process. The heat was then increased (a muffle furnace 
was used) until the carbonaceous residue ignited and slowly 
burned out. The heat was again increased to low red, and 
the residual ashes oxidized to a permanent form without melt¬ 
ing. After having been cooled in a desiccator and weighed, 
the ashes were transferred to a dry specimen tube, which was 
then sealed, and water-color paintings made of the ashes, as the 
photographs themselves could not be correctly colored. 

After many experiments, it was proven that differences in 
amount, texture, color, and composition of the ash contents of 
a fiber were influenced by at least the following factors: Local¬ 
ity where grown; variety of abaca; maturity of the plant; grade 
of liber. Other factors will be considered later. From these 
modifying conditions, especially the fourth one, it follows that 
a sample of ash is truly representative in all respects only of 
the fiber from which it is made, but is not representative even 
of the entire plant nor of that variety of abaca. The colored 
drawings, made from the ash specimens as mentioned above, 
illustrate some of the differences and similarities that appeared 
interesting and of possible future utility. 

ASHES OF REPRESENTATIVE ABACA FIBERS OF THE BIOOL PROVINCES 

Sample 5 (Table 1) was a composite sample made up of 
equal parts of live varieties of abaca growing in the Bacacay 
district of Albay. Cleaning grade. Good to Fair. 

Sample 6 (Table 1) was a composite sample made up of equal 
parts of five varieties of abaca, one variety selected from each 
of the following districts: Jovcllar, Guinobatan, Manito, Bulan, 
and Tinapian. Cleaning grade, Good to Fair. 

Samples 30, 31, 32, and 33 were taken from four represen¬ 
tative varieties of abaca growing in the same field, Buhi dis¬ 
trict, Camarines Sur. Cleaning grade, Coarse. 
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TABLE 1 .—Chemical analyses of ashes of abaca-fiber samples from Bieol 

provinces. 


! 

Sample 

No. 

Silica 

(SiO,). 

Iron and 
alumi¬ 
num 
oxides 
(11,0,). 

Calcium 

oxide 

(CuO). 

Magne¬ 

sium 

oxide 

(MgO). 

Fotan- 
aium 
ox ide 

(K a O). 

Sulph¬ 

uric 

anhy¬ 

dride 

(SO,). 

Chloride 

(Cl). 

Man¬ 
ga none 
oxide 
(MnO,). 

Phosphoric 

anhydride 

(PiOO. 

.1 

I 

P. ct. 

i\ a. 

i\ ct. 

P. ct. 

V. ct. 

P. ct. 

P. ct. 

P. ct. 

V. ct. 

5 I 

14.06 ; 

6.30 , 

9.19 

! 5 43 

31.65 

1.00 

6. OS 

0, 14 

2.01 

6 

9.89 

6.80 

8.23 

! 3.06 

12 .52 ; 

0. 91 

5.51 

2.0,1 

1.81 ! 

30 ! 

31 ; 

13. OfU 

14 55 

8.70 

6 48 

7.61 

i 3.39 
i 1.84 

44. 65 



1.04 

2.11 

7.20 | 

46.28 



1.08 

1.62 

32 | 

y. 7 & 

7.30 

! 8. 19 

! 2.71 

11 63 

_ 


1 37 

1.16 

33 j 

12.65 

4.10 

| 7.51 

| 1.33 

* 49.81 

1 



1.00 

2.02 


From the figures in Table 1 it is apparent that the principal 
and outstanding food constituents of abaca, other than nitrogen, 
coming from the soil are potash, iron, alumina, lime, magnesia, 
and silica. Silica, recognized as a hardening and protecting 
material rather than as one concerned with the vital processes 
of growth and development, may be disregarded in the present 
discussion. Iron and alumina will be discussed later and atten¬ 
tion will be given more particularly first to potash and to lime 
with its associated magnesia. 

To prove that the last-named three salts merit attention, not 
only because of their food qualities, but also on account of the 
quantities involved, it should be remembered that conservative 
figures for abaca-fiber production in the Philippines during 
many years is 1,250,000 bales per year, or a gross weight of 
154,000,000 kilograms. Analyses of eighty fiber samples show 
an average ash content of 1.85 per cent by weight of the fiber, 
the samples mentioned in Table 2 having been analyzed. 


Table 2 .—Ash content of eighty samples of abacct fiber. 


Number of Bamph-e. 


Locality. 


27... . .. .. . I Bic-olarva.- 

31__j_do_ 

22. ' - .do 


I 

i 

j Grade of cleaning. 

‘ j 

i 

._j Excellent_ 

j Good and fair. 

; Coarse__ 


Ash, 


i 


j Average 
! Weight. 

l 

Per cent. | 

j 

! 

o. 


0.23 

0.92 S 

0.19 

1.96 1 

0.67 

2.68 j 

0.46 

1.85 I 


A verage. 
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Taking 1.85 per cent as representing the ash content of the 
commercial fiber harvested, at least 1.5 per cent should be add¬ 
ed to represent the ash from the immense amount of waste 
fiber and pulp discarded by the stripping knives, almost all of 
which is also lost to the soil. We have therefore, conservatively, 
over 3 per cent, or about 5,000,000 kilograms of mineral consti¬ 
tuents in the yearly abaca crop, of which over half is composed 
of potash and lime salts alone. That these areas have continued 
to produce for fifty years and are still producing, suffering as 
they have been an annual loss of nearly 5,000 tons of mineral 
constituents essential to abaca production, seems almost im¬ 
possible and, while it must make us marvel at their past fertility, 
it certainly also should make us fearful for the future. Not 
that the situation cannot be met and handled, but that up to 
the present neither preliminary nor experimental work has been 
undertaken by the Government or by private interests to de¬ 
monstrate the best way of doing in a wholesale way that which 
obviously must be done—the reconditioning of the abaca fields. 
Unless such experimental work is started at once and prosecuted 
with vigor the task will become increasingly difficult each year. 

To call attention again to the true significance of these figures, 
a brief description of the methods of abacsi-fiber production and 
preparation must be given, the essential features of which are 
the cutting down of the entire plant; the selection from it of 
some 15 per cent of the outer sheaths; and the stripping of 
these layers under an especially arranged knife blade to produce 
the commercial fiber, which constitutes a little less than 2 per 
cent by weight of the entire plant cut down. In as much as the 
process of harvesting the fiber by present methods removes 
only about 10 or 15 per cent of the material of the entire crop, 
the other 85 to 90 per cent is allowed to remain on the ground, 
and thus become plant food again through the agency of fer¬ 
mentation and decay. The products of fermentation are acid 
in character and, when dissolved by the rains and absorbed 
by the soil, not only are made available as plant food but also 
aid materially in dissolving the soil minerals, thus changing 
them from potential into available food products. This cycle 
of changes, then, is repeated at least twice a year throughout the 
abaca fields. Millions of kilograms of plants are cut down but 
only a small part removed; the rest are left, to return to the 
soil through fermentation and decay and be reabsorbed by the 



6 


The Philippine Journal of Science 


1928 


remaining uncut, growing plants. This process of harvesting 
is certainly unique and probably peculiar to abaca. That the 
soil is enriched and fertilized by the immense amount of or¬ 
ganic and inorganic material spread over it semiannually is 
undoubtedly true and is shown by the very high percentages of 
humus found almost without exception in all the abaca soil 
analyses. It also perhaps accounts for the fact that the abaca 
planter, from earliest time to the present, has been content to 
take his semiannual crop of fiber and do nothing, absolutely 
nothing, in the way of plowing, cultivation, fertilization, or 
crop rotation, to return to the soil that which has been taken 
away as fiber, amounting to millions of kilograms annually. 

Deeper digging into the present conditions of our abaca soils 
reveals several facts. The first is that the tremendous quantities 
of fermenting plant material left on the ground around the 
growing plants for months at a time form large quantities of 
acid products which are absorbed by the soil, making it acid or 
sour. This excess acidity reacts in various ways, most of which 
are harmful unless promptly dealt with. Some of the acid is 
directly absorbed by the growing abaca plants, the pernicious 
effects of which absorption will be described later; some of it 
leaches out through heavy rainfalls and disappears in the sur¬ 
face or subsoil run-off; much of it reacts chemically with the 
soil minerals, becoming neutralized and forming salts that in 
turn may be absorbed by the plants. The mineral that ap¬ 
parently acts as the great neutralizer of these acids of fermen¬ 
tation and decay is limestone, and in making soil analyses it 
has been found most convenient to measure the soil acidity 
in terms of lime equivalents. It is, therefore, a prime necessity 
for soils, where large quantities of acids are periodically spread 
over them, to have sufficient lime available not only to neutralize 
the acidity as it appears, but also to supply the heavy and con¬ 
stant needs of the growing crop. The roots of the plants pene¬ 
trate but a relatively short distance into the surrounding soil; 
the movement of soil moisture is, in general, slow in heavy soils, 
so that it would seem advisable to apply lime or change the soil 
through plowing and cultivation. The Philippine planter has 
never changed his soil by plowing. It is, therefore, high time to 
examine the actual chemical condition of the soils of the large 
areas that have been producing abaca crops on an average of 
twice a year for a half century or more with practically no 
plowing, cultivation, or crop rotation. 
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The samples of surface soils, the chemical and physical ana¬ 
lyses of which are given in Tables 3 and 4, were collected from 
the principal abaca districts of the Bicol provinces of Cama- 
rines Norte, Camarines Sur, Albay, and Sorsogon, at the same 
time and in the same locality as the fiber samples were taken 
from the various commercial varieties of abaca plants producing 
there. Care was taken to secure as representative samples 
of soils as possible, and the samples were invariably taken from 
spots equally distant from the surrounding hills of abaca; in 
other words, the effort was made to obtain the most favorable 
sample, and as far removed from local root proximity as pos¬ 
sible. While the fields from which some of the samples were 
taken are comparatively young (say, ten to fifteen years under 
continuous crop production), most of them have probably been 
under crop for many years, it being no uncommon thing to find 
fields known to have been producing for forty to fifty years. 
As no study has yet been reported of soils and soil conditions 
in the abaca districts, and no standards of comparison were 
available, the only way to show the effects of abaca crops on 
soil was to compare old districts with new. For this reason 
the Davao district of Mindanao was chosen for comparison with 
the Bicol district, as the former is one of the newest, its fiber 
production per hectare several times that of the Bicol district, 
and its fiber the most uniformly strong and durable. 

MECHANICAL ANALYSES OF ABACA SOTLS OF THE BICOL PROVINCES 

The mechanical analyses of soils here reported were made by 
the Scheme method as practiced by Osborne and as modified 
by Cox, 1 and the chemical analyses by the methods prescribed by 
the Association of Official Agricultural Chemists. To get their 
value and to understand their significance in the present instance, 
the following explanatory remarks may be permitted: 

The roots of a growing plant are influenced to a very marked 
degree by the physical conditions of the soil surrounding them, 
for dependent on these conditions is the availability of the min¬ 
eral foods, water, and air necessary for their growth. The 
prevailing opinion has been that abaca will grow well and pro¬ 
duce heavily only in soils of sandy loam or even a coarser class, 
and these soils predominate in the Bicol district planted to 
abaca; yet, all the recent experience of planters in the Davao 


Philip. Journ. Sci. § A 6 (1911) 316. 
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district shows that, other conditions being favorable, even the 
clay and clay-loam types will produce heavy crops. 


Tabus 3 .—Mechanical analyses of soils in the Bicol provinces, Luzon. 

[Water-free basis. Numbers indicate percentages. 1 


Serial 

No. 

Classification. 

; | 

Petri- 1 (1) 

tus not , Coarse 
passing; sand, 
1-mrn. : 1 0.6 

(2) Me¬ 
dium 
sand, 

0 6- 
0 25 

(3) Fine 
sand, ; 
0.26 

0 10 : 

(•) 
Very 
fine 
sand, 
0.10- 

(6) Silt, 
0.05- 
0.005 
mm. 

(6) 

Clav, 

0.003 

Total, 

Nos. 

1 to 6 

18 

Sandy loam. . 

: sieve, j 

: 

...... 1 

mm. 

116 

rn tn. 

23. 9 

mm. | 

25.2 

0 06 
mm. 

14. 1 

19.3 

0.9 

ICO 

84 

.do. 


7. 6 

20 0 

30. 1 

11.2 

26.9 

3.9 


40 

Clay loam 

; 

1 2 

3.1 

12 9 

r-.r, 

48.8 

212 

1 no 

71 

Silt loam. ... 


1.1 

5.8 

21.0 

13. 6 

50.2 

8.3 

mo 

72 

Fine sandy loam 


l.f> 

9.8 

39 8 

17.8 

23.9 

Y.2 

100 

72 

Sandy clay.. 


2.6 

>' 7 

31 3 

10. o 

20.7 

13.8 

mo 

74 

do. . 


1.7 

10.6 

23.9 , 

1 1.8 

31.3 

11.7 

100 

! 92 

1 Sandy loam 

- ■ -I 

6 2 

22.1 

| 26 3 ; 

15.6 

20.8 

9.7 

! 100 

; 93 

j .. -do. _ 


15.2 

212 

| 20.9 

10. 1 

| 22.8 

, ». 6 

, 100 

1 123 

| Sand . . .. 

id. 3 

;;9 i 

35.3 

; 6. 1 

:> l 

1 9.7 

4.7 

; mo 

| 124 

1 Sand loam 

29.6 

11.7 

i 25.8 

26.3 

10.3 

• 225 

3.4 

l<d) 

j 129 

! Fine sandy loam 


1.5 

8 4 

41.4 

IV 1 

29. 4 

2.2 

| 100 

j 138 

i Sandy loam_ 

10.9 , 

8. 6 

30.6 

I 29.9 

7.2 

18.5 

1 6.2 

i 

! ltd) 

; 164 

! Fine sand 


7 6 

‘ 11.0 

27.3 

31.2 

15.3 

4.0 

1 K'O 

; 171 

1 Sandy clay 

. J 

6.7 

12 9 

25. 6 

20. 5 

: 28. V 

5.6 

; 100 

00 

cn 

| Sand_ 

39.2 ’ 

43 2 

32 8 

8. 7 

10 

9 4 

I 1.9 

i 100 

186 

1 Clay loam. 


11.0 

: io.6 

10.2 

9 5 

38.0 

20.7 

too 

193 

j Silty loam 

1 1 

1.0 

5. 6 

24 3 

7.8 

48.7 

' 12 6 

100 

200 

i Fine sandy loam 


0.2 

0.6 

19.1 

32.9 

12.0 

! 5.2 

j 100 


i Average 

i 1 

9 4 

16.0 

, 23.8 

11.2 

; 28.2 

, “8.4 

| 100 


Tabu: 4 .—Mechanical analyses of soils, Davao Province, Mindanao. 

[Water-free basis. Numbers indicate percentages.! 


— -- 


. - . 



•—- 

-- - 

Serial 

No. 

Ab&cfc district. 

i Claasifi cation. 

Detritus 
not passing 
1-mrn. 
sieve. 

Coarse 
sand, 
1-0 5 
mm. 

Medium 

sand, 

0 6 0.25 
mm. 

Fine 

sand, 

0 25- 
0. lOmm. 

501 

Taguia 

i 

' Clay loam. 

' 

. None 

1.8 

6.9 

22.7 

602 

Bago. ... 

| Loam. . . 

. d° 

0.1 

3.6 

24 1 

503 

I’atuda_ 

■ Silt loam . 

do 

0.2 

0.3 

12. 7 

504 

Paliao 

Fine sandy loam . 

-do 

2.1 

16.6 

4 1.3 

| 505 

Bankas 

! Clay._ 

. do 

0.2 

| 3.U 

15 4 ; 

j 506 

Guianga. 

Silt loam 

do 

| 0.3 

! 5. 6 

22.8 i 

607 

.do. 

: Sandy clay _ _ 

_do 

; 2 r> 

| 7.0 

30.0 

1 508 

j Lais 

do. 

-do 

: 2 . v 

j 13.3 

24.7 ; 

! 509 

[ Malita_ 

; Fine sandy loam 

.. do 

I 0.7 

: 10.7 

40. 5 

511 

i Kumasic 

_do . _ 

’ do . | 

! 0.2 

| 5 8 

37.3 


I Average.. . 


■ 

' 1.09 

1 

7.18 

i 

27.45 | 
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Table 4. —Mechanical analyses of soils, etc. —Continued. 


Serial 

No. 

Ahudi district. 

Clnssifii cation 

f.Ol 

Tajjuiu. _ 

( May loam 

502 

Bago 

la mm 

503 

I'atada 

Silt loam. 

501 

Dalian __ ! 

Fine sandy loam 

! 505 

Bankas 

(May 

! 505 

(1 manga 

1 Silt loam 

507 

. - -do . 

Sandy clay 

508 

Lais . 

do 

509 

Mali tii 

Fine sandy loam 

511 

Kuina-i'-. 

do 


Average 



! Detritus 
not passing 
| 1-rrim. 

I sieve. 

I 

Very fine 
sand, 

0 10- 
0.05mm. 

Silt, 

0. 05- 
0 005 
mm. 

Clay, 

0.003 

in in. 

Total. 

None .. 

8.3 

37.2 

23.1 

100 

do 

9 7 

41 7 

17.8 

100 

do 

25,0 

53.7 j 

8.1 

loo 

!_do . 

15. t 

11.3 

8.3 

100 

do 

9.8 

2G.0 1 

45. 6 

100 I 

do 

10.7 

51.4 1 

9 2 

100 i 

do. . 

; 15.0 

30.2 ■ 

8 6 

100 ! 

.... do. 

| 17.0 

36.3 

6.0 

100 j 

1 . do 

19.7 

18.4 ! 

10.0 

100 

do ! 

1 17.5 

32.0 

6. 6 

100 

_ I 

11.87 i 

35.08 . 

14.33 

105 


The general results shown by the analyses presented in Tables 
3 and 4 would also seem to substantiate the assertion that 
abaca can grow and produce well on soils of the heaviest as 
well as of the lightest type, provided only the chemical conditions 
are favorable and the proper variety of abaca is selected, the 
later being a very important consideration. 

Taking for granted, then, until more evidence to the contrary 
has been presented, that there are suitable varieties of abaca 
for the many kinds of soils found in the districts of the Islands 
where climatic conditions are favorable for their growth, the 
chemical composition and conditions of these soils become of 
primary importance and merit the closest study. 

The principal constituents of abaca ashes have been stated 
before and the order of their importance according to weight 
percentages is potash, silica, lime and magnesia, iron and alu¬ 
mina. Potash, comprising nearly half of the ash contents, is 
probably the most important mineral constituent necessary to 
abaca growth and development. Silica, being present always 
in excess in almost all soils, need not be considered here. Close¬ 
ly following silica, with an average of 10 per cent and more, are 
lime and magnesia, considered together on account of the simi¬ 
larity of their action. They are of special importance to the 
abaca planter and exporter for the reason that the more re¬ 
search given to the subject of the chemical constitution of the 
binding material of bast and pseudo-bast fibers 2 the more are 

'Matthews, J. Merritt, Distinction of Bast and Pseudo Bast Fibers; 
Textile Fibers 3d ed (WIG) 159, 170, 171. 
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chemists agreed that it is composed of a form of pectin in com¬ 
bination with lime and magnesia.® 

This brings us to the question of abaca’s fundamental re¬ 
quisite, the chemical substances necessary for making the strong¬ 
est possible binding material for its fiber; for, no matter how 
well it may otherwise grow and thrive, if it produces weak fiber 
it is a failure from the commercial standpoint, and is degraded 
to the Canton class and called “bastard” fiber. 

As has been stated before, we have no direct method of show¬ 
ing by chemical analysis whether the soils contain in suflicent 
quantities the essential substances needed by the plants for pro¬ 
ducing strong fibers, and neither the Government nor private 
interests appear to have established any standards for com¬ 
parison. We are forced, therefore, to judge abaca soils by the 
standards worked out for other Philippine crops on which 
work has been done. Therefore, the ratings given in Tables 5 
and 6 for the percentages of the various chemicals the soils 
contain, even though rather broad interpretation be given them 
and allowance made for possible special needs of abaca, are 
certain to give valuable information to those vitality interested. 
There is also a fundamental rule that appears applicable to 
most agricultural soils—that in order to avoid the detrimental 
effect of abnormal acid soil conditions plenty of lime and mag¬ 
nesia must be present to neutralize the acidity. A study of the 
analyses, especially of the soils in which the acidity is more than 
normal, as is true in the majority of cases in the Bicol district, 
indicates that the lime and magnesia rating is also low, while 
in the Davao district this is the case only where the crop is of 
many years’ standing and, according to Davao practice, ready 
to be uprooted and replanted after a year of crop rotation. 

The percentages of potash are so uniformly low in the Bicol 
district that it can be asserted with positiveness that there is 
serious disturbance to both the normal and even the present 
abaca growth, which must be far from normal. Even the 
much newer Davao soils, with careful plowing and cultivation, 
already show poor potash conditions in several districts. Phos¬ 
phates, an essential plant food though used in comparatively 
small quantities and generally present in most Philippine soils, 
are also low in several Bicol districts. If these collected soil 


3 Matthews, J. Merritt, Composition of Binding Material; Textile Fibers, 
387, 388. Ehrlich, F., Chem. Ztg. 41 (1917) 197-200. Abstracted in 

Chem. Abe. 11: 2898. 



37.1 


Sherman: Abacd-soil Conditions 


11 


samples are at all representative (and they were collected with 
that end in view), the only conclusion we can get from their 
analyses and from the abaca-plant requirements as shown by 
their ashes is that the older abaca-soil areas, of which the 
Bicol area is an example, are decidedly lacking in potash and, 
as a general rule, also in the antiacid constituents, lime and 
magnesia. 

The Davao soils, on the contrary, due perhaps to their relative¬ 
ly few years under crop and also to the constant plowing, cul¬ 
tivation, and often plant rotation to which they have been 
subjected, still compare very favorably, with few exceptions, with 
the standards laid down for fertile, well-balanced soils. It was 
found practically impossible to secure exact data regarding the 
number of years during which the various fields, from which 
the soil samples were taken, in the Bicol area, had been pro¬ 
ducing abaca crops. With few exceptions probably most of tho 
fields have been producing for twenty years or longer; that 
some have been producing for over fifty years could be au¬ 
thenticated. 

Where two samples of soils were collected from the same dis¬ 
trict, the effort was always made to secure them from widely 
separated localities or from localities the soil characteristics and 
topography of which were very different. In the Manito dis¬ 
trict sample 40 was taken from tho west. No. 193 from the 
east side of the peninsula. In the Juban district both samples 
were from very old plantations. No. 73 from rolling to hilly land 
and No. 74 from a field located near Cadacan River. Sample 
123 came from the south side of the Ligao-Tabaco Road, in the 
Bantayan district, and No. 124 was taken on the north side 
well up on the rolling hillsides, not far from Mount Masaraga. 
The Bacacay district is separated by the Malilipot-Libog Road 
into two distinct sections topographically. Sample 164 was se¬ 
cured well up on the side hills of Mayon Volcano, and No. 171 
came from one of the old plantations near the town of Bacacay, 
where the land is flat and the soil very different from that of 
the hillsides above. 

It was pointed out above that the abaca plant needs an abun¬ 
dant supply of lime to counteract undue soil acidity and to fur¬ 
nish the necessary supply of lime used by the plant, as one of the 
essential constituents of the binding material of the cells to form 
both individual fiber elements and also to bind these elements 
together into fiber bundles. Attention was also called to the 
fact that the soil samples collected in the older fields were gen- 
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erally found abnormally acid in reaction, despite the fact that 
precautions were taken to collect the samples where no ferment¬ 
ing waste was present. Where fiber harvesting has been going 
on and the ground is covered with a layer of fermenting abaca 
waste the acid conditions must be acute, and the dissolving ac¬ 
tion of the rains would take these acid solutions directly to the 
abaca roots before they could be neutralized by the small quan¬ 
tities* of lime and magnesia generally present. In such case the 
acids would be absorbed by the roots, and taken up and dis¬ 
tributed as such, or in some modified form, to various parts 
of the plant, including the fibers. It has long been recognized 
by fiber chemists that all acids, except the very weakest, have 
a weakening and deleterious effect on the binding substance of 
all fibers of the class that includes abaca. If these two assertions 
are correct then we should find an excess of acidity in the fibers 
coming from acid soils, and their tensile strength would also 
be less than that of fibers from normal soils. Experiments to 
show the average acidity and tensile strength of the collected 
fibers of the Bicol provinces compared with those of the Davao 
district were carried out as follows: 

All fibers used in these experiments were dried quickly to pre¬ 
vent growth of molds and bacteria. The tensile strength, or 
breaking point, of the fibers was determined by testing accurate¬ 
ly weighed fiber bundles exactly a half meter long in a Louis 
Schopper fiber-testing machine and measuring their breaking 
point in kilograms. In this way the tensile strength in kilo¬ 
grams per gram per meter of fiber was accurately determined; 
from ten to twenty tests on each sample of fiber were made and 
the average was taken. 

The acidity of each sample of fibers was determined by using 
the same fiber that had been broken in the tensile-strength tests 
and adding to it enough fiber from the same abaca sample 
to make the weight 10 grams. These were cut into half-inch 
pieces, put in a 750 cubic centimeter round-bottomed flask, and 
heated on a water bath one hour with 500 cubic centimeters of 
distilled water, under frequent shaking. At the end of the hour 
as much of the solution as possible was poured olT into an Erl- 
enmeyer flask and the solution titrated with 0.1 N sodium hy¬ 
droxide (NaOH), using phenolphthalein as indicator and 
titrating to a faint pink color on shaking. Many modifications 
were tried to make the experiment more accurate; but, as rela¬ 
tive rather than absolute total amounts of free and soluble 
acids were desired, the figures given in Table 7 are correct 
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within 0.1 or 0.2 cubic centimeter, and are those found by the 
described method, and indicate the cubic centimeter of 0.1 N 
sodium hydroxide (NaOH) used to neutralize 10 grams of fiber. 
It is to be noted that the average acidity for six samples of fiber, 
collected on one plantation where the abaca was grown between 
rows of large coco trees and where the soil was found to be acid 
and deficient in both lime and potash, was over 1 cubic centi¬ 
meter. Were these six not counted the average acidity for the 
Davao area would be 0.57 cubic centimeter instead of 0.64 cubic 
centimeter. Were a selection made of the samples of fiber 
grown only on acid soils low in lime, potash, and phosphates and 
their figures compared with those of fibers from normal soils 
the differences would be more marked, but even as given the 
differences in both tensile strength and acidity are sufficient to 
indicate a serious disturbance to normal abaca growth in poor 
soil and to give a working hypothesis as to its cause. 

Tabi.k 7. —Samples of fiber. 


Number of fib«*r tminpltw tested. j Locality. 

i 

i 

66 . .. ... * Four Bieol provinces 

37 . . .j I >avao. .. . 


Average 

tensile 

strength. 


kg. 

48.66 
51 ). 40 


A verage 1 
acidity in i 
cc. 0.1 N 
calcium | 
carbonate j 

(NuOII). 


1 .08 
(). 64 


CHEMICAL CHARACTERISTICS OF WEAK FIBER 4 

There is also another phase to this excess soil acidity and lack 
of mineral foods that merits serious consideration. The analy¬ 
ses of various abaca ashes, given elsewhere in this paper, show 
the high average alumina content of from 5 to 7 per cent. It 
has been shown by plant pathologists that an excess of alumina 
in plant tissues indicates an unhealthy condition of the plant, so 
that the substitution of alumina for other minerals, such as lime 
or potash, becomes a question of necessity and not one of choice. 
In the study and comparison of weak and strong fibers it was 
also noticed early that strong fiber was characterized by its 
resistance to the dissolving or disintegrating action of hot water, 
in comparison with weak fiber, which has a relatively high per¬ 
centage of water-soluble substance. 

4 Weak in the sense that the fiber came from a wcak-fibered variety 
of abaca, but not weakened through fermentation or mold action. 
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CHEMICAL DIFFERENCES BETWEEN STRONG AND WEAK FIBERS 


DIFFERENCES IN ASH COMPOSITION 

Two samples of fiber from neighboring localities were se¬ 
lected, each of Good to Fair cleaning, No. 765 coming from a 
weak variety of abaca and No. 779 from a strong, standard 
fiber. Fifteen grams of each were carefully weighed, cut into 
short pieces, and incinerated at a low heat in a muffle furnace, 
as previously described. When the ashes had assumed a per¬ 
manent color they were removed from the furnace, cooled in a 
desiccator, and weighed. The weights and chemical analyses 
are given in Table 8. 


Table 8.— Weight. s- and chemical analyses of ash from two samples of 

ab acd. 



Weight. 


Ash. 


Color. 


Chemical analysis. 

Silica I Alumina Lime 
(SiOz). j (A1*0»). , (CaO;. 


j Per cent. J 

765 1 0.4105 or 2. 7 f Huff brown; powdery 
779 ] 0.4315 or 2.9 j Deep gray; granular 


Per cent. ! P<r cent. ' Per cent. 
28.03 | 9.47 ! 10 66 

16.15 j 4.46; 12.35 


DIFFERENCES IN ORGANIC MATTER SOLUBLE IN WATER 

One hundred grams of each fiber were cut into fine pieces, 
and extracted with 1,000 cubic centimeters of warm distilled 
water for twenty-four hours. The extract was filtered off from 
each and used for the following determinations: 

Acidity .—An aliquot part of each extract was titrated with 
0.1 N sodium hydroxide (NaOII) to a faint pink color with 
phenolphthalein an indicator. Total acidity for 10 grams of fi¬ 
ber, measured in terms of 0.1 N sodium hydroxide (NaOH), 
was 3 cubic centimeters for No. 765 and 2 cubic centimeters for 
No. 779. 

Neutral and basic lead acetate precipitates .—It was found that, 
by means of a mixture of neutral and basic lead acetate, water- 
soluble constituents of abaca fibers could be precipitated, washed, 
and thus purified for further study. Aliquot parts of the two 
extracts were accordingly precipitated with a slight excess of 
a mixture of neutral and basic lead acetate solution and the light- 
colored voluminous precipitates filtered and then washed until 
the wash water was free from lead acetate. The precipitates 
were then suspended in distilled water, the lead precipitated 
by hydrogen sulphide as lead sulphide and filtered off, and washed 


238244 - 


2 
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with distilled water until the filtrate was no longer acid to lit¬ 
mus. The united filtrates were then evaporated, first on the 
water bath and later in a vacuum desiccator to constant weight 
and weighed. 

No. 766. No. 779. 

Weight of residue, grams 1.4938 0.5082 

Residue, per cent 1.7(5 0.60 

Qualitative examinations of the hot-water extracts of strong 
and weak fibers have so far shown them to consist of varying 
quantities of higher organic and presumably fatty acids, both 
free and combined as salts with alumina, lime, iron, and potash. 
In the residue from weak fibers aluminum was found to pre¬ 
dominate largely over the other bases, while in the residue from 
strong fiber calcium and potash were in excess. 

SUMMARY 

For the most part, present conditions in the abaca areas of the 
Islands are of long standing rather than new or novel. We are 
thus reaping the results of the omissions and commissions of 
the abaca growers for the past fifty years, and these have been 
brought into prominence on account of the scientific develop¬ 
ments of most of the other branches of the industry, after fiber 
has been produced. 

The production of abaca fiber is unique by the fact that the 
soil is made to produce the same crop for an indefinite period 
without either plowing or cultivation being practiced (except in 
one district) or fertilization attempted beyond the addition to 
the soil of large quantities of abaca waste left to ferment in 
the fields after the fiber harvest. 

The results of this practice are: On the soil, a steady and 
heavy exhaustion of the necessary plant-food minerals and a 
consequent permanent acid condition; on the plant, a lack of 
essential mineral salts on which the plant depends for proper 
growth and development and for the maintenance of normal 
resistance to disease. This is indicated by the low average yield 
per hectare of the older abaca districts; on the fiber, both an 
excess acidity that always produces short durability and an en¬ 
forced substitution of necessary salts by inferior ones resulting 
in a loss of tensile strength. 

The benefits of the modern practices of abaca production in 
the Davao district are shown by the relatively better condition 
of the soil, the increased yield of fiber per hectare, and the 
uniformly high quality of the fiber. 



ILLUSTRATIONS 


Plate 1 

Figs. 81 to 89. Upper row. Ashes from the fiber of eight varieties of 
abaca; Good to Fair cleaning, growing in the Masarauag 
section of the Guinobatan district, Albay Province, Lu¬ 
zon. Showing somewhat close conformity of colors and 
amounts with one another. 

2 to 10. First section of lower row. Ashes from the fiber of va¬ 
rieties of abaca furnishing the commercial fiber from 
the Daet district, Camarines Norte, Luzon; all fiber 
cleaned to Excellent grade. No. 2, variety Antiguo, 
mature; No. 3, variety Samoro, mature; and No. 10, va¬ 
riety Aiinsanay, mature, were growing in the same field 
within short distances of each other. To show the effect 
of age on the color of the ash compare No. 3, Samoro 
mature, with No. 4, Samoro immature, and No. 7, Sa¬ 
moro overmature. Number 2 and No. 8 are both An¬ 
tiguo mature, but from different localities; Nos. 3 and 
9 are Samoro mature, but from different localities. 

30 to 33. Ashes from the fiber of four varieties of abaca growing 
together in the Buhi district, Camarines Sur, Luzon; 
named, respectively, Samokid, Samorong itom, Samorong 
pula, and Salampago; cleaning grade, Coarse. 

Plate 2 

Figs. 95 to 104. Ashes from fiber of four varieties of abaca, Fair to 
Coarse cleaning, from another section of the Gui¬ 
nobatan district, Albay. 

108 and 113. Ashes from fiber of two varieties of abaca, Arnokid and 
Itom, Fair to Coarse cleaning; from the Bantayan 
district, Albay, south of the Ligao-Tabaco Road. 

117 and 121. Ashes from two varieties of abaca, Arnokid and Puti, 
Fair to Coarse cleaning; from the northern end of 
the Bantayan district, Albay. 

125 and 168. Ashes from fibers of two varieties of abaca from the 
Goa-Lagonoy district, Camarines Sur; fiber of No. 
168, Coarse cleaning. 

135 to 168. Ashes from fibers of abaca from the Tiwi-IIorovan dis¬ 
trict, Albay; Fair to Coarse cleaning. 

176 to 180. Ashes from fibers of three varieties of abaca from the 
Putiao district, Albay; Fair to Coarse cleaning. 
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THE TENSILE STRENGTH OF ABACA FIBERS IN 
RELATION TO THEIR ACIDITY 

By P. L. Sherman 

Cordage- liixfitute Fellow, Bureau of Science, Manila 
IN COLIjABORATION with 

Hartley Embrey Sherman 
Of the Bureau of Science, Manila 

It is not generally known that there are certain organic acids 
that occur naturally in abaca fibers. No work that we have 
been able to locate has been reported in the scientific literature 
dealing with these acids. 

This paper is a report of the experiments performed at the 
Bureau of Science, Manila, in the attempt to discover: (1) 
What relationship exists between the tensile strength of a sam¬ 
ple of abaca fiber and the amount of acid present; (2) whether 
there is any mathematical connection between speed and amount 
of loss of tensile strength of an abaca-liber sample during storage 
and its acid content. 

RELATIONSHIP BETWEEN TENSILE STRENGTH AND ACID CONTENT 

In order to determine how much variation in moisture exists 
when abaca fibers of various cleaning grades are subjected to 
the fluctuations in humidity found in the laboratory, five sam¬ 
ples of different grades of cleaning were taken from the abaca 
storage room, where they had been hanging for months, put 
in a desiccator and immediately weighed. The abaca storage 
room is a closed dark room that contains several large open 
pans of anhydrous calcium chloride. The calcium chloride is 
renewed each week. This storage room was prepared in the 
manner described, not with the intention of keeping the abaca 
samples bone dry, but merely with the expectation of avoiding 
any excess of moisture in the fibers during storage. 

The five samples of abaca used in this experiment, after be¬ 
ing weighed, were placed in Petri dishes in a laboratory where 
the windows were left open day and night. The samples were 
left exposed for seventeen days, and were weighed once or twice 

21 



Table 1 . Weight in grams of abaca samples in an open laboratory, November, 1927. 
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a day to ascertain the changes in moisture content. Table 1 
shows the iluctuations in weight. 

After seventeen days the samples were put in an electric 
drying oven at 105° C., and dried to constant weight. Calcu¬ 
lations made on the weights obtained show that the percentage 
of moisture in the samples varied according to the figures given 
in Table 2. 

Table 2 .—Percentage of moisture in abaca samples. 

'In open laboratory. j 



Grade. 

aback in 
dark, par¬ 
tially dry 

1 storage 
! room. 

Least mois¬ 
ture in 
aback. 

Most mois¬ 
ture in 
aback. 

Moisture 
in aback on 
the last day 
of 

exposure. 



' IVr cent . 

IVr cent. 

i-Vr cent. 

IVr rent. 

c 


9.40 

8.28 

11.87 

j 9.36 

K 


12.40 | 

1 10.84 

16. 52 

1 12.22 

JV ... 


9.84 i 

8.81 

12.26 

j 9.91 

L_ 


10.16 1 

9.05 

13.38 , 

10.16 

DM_ 


. 9.40 j 

8.62 

11.36 

| 9.60 


The results indicated prove that there is only a relatively 
small variation in the percentage of moisture present in abaca 
samples exposed to the air for seventeen days. The difference 
in percentage between the minimum and the maximum water 
content was only around 3 per cent, except in the case of the 
fiber of grade F. A careful examination of Table 1 shows that 
the fluctuations in water content are slow and gradual changes, 
and that the maximum water content of the fibers occurred only 
after thirty hours of continuous rain. We were unable to obtain 
a moisture-conditioning room which would have ensured a de¬ 
finite and exact control of the water content of the abaca sam¬ 
ples. We adopted, for all of the experiments described in this 
paper, the method used by the Fiber Standardization Board of 
the Philippine Islands, and we believe it gave only a small per¬ 
centage of error. The following method was the one employed: 

All abaca samples were kept in the dark semidry room pre¬ 
viously described, until ready for use. The sample selected for 
experimentation was exposed in the laboratory for only six hours, 
if the day was rainy, and for twenty-four hours under ordinary 
weather conditions. Drawing our conclusions from the figures 
in Table I, we believe the variation in moisture content of the 
samples used did not exceed 1 per cent, and the consistent and 
uniform results obtained seem to confirm this belief. 
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In order to determine what difference in tensile strength might 
be expected with a variation of moisture content of 1 per cent, 
the following experiment was devised: 

Forty bundles of fibers were selected from the same sample, 
and prepared for tensile-strength determinations according to 
methods adopted by the Fiber Standardization Board. Twenty 
fiber bundles were placed over an open dish of water, without 
being allowed to come in contact with it, and left for twelve 
hours. The tensile strength was determined on ten of the fi¬ 
bers by the method described later, and the moisture content was 
determined on the remaining ten fibers. The tensile strength 
was 53.87 kilograms, calculated on the basis of the breaking 
force required on a gram of fiber weight, which was a meter 
in length, and the average moisture content was 9.9 per cent. 

The remaining twenty fiber bundles were put in an electric 
drying oven at 103° C. for two hours. Half of these fibers were 
used for tensile-strength determinations, and the other half for 
moisture determinations. The average tensile strength was 
58.08 kilograms per gram of fiber weight per meter of length. 
The average moisture content of these fibers was 0.89 per cent. 
There was a change of 4.19 kilograms in tensile strength for 
9.08 per cent loss of moisture, or about 0.45 kilogram change 
in tensile strength for 1 per cent of moisture. 

The figures for tensile strength and percentage of elasticity 
given in this report were determined in a 50-kilogram Louis 
Schopper tensile-strength machine. The figures given for each 
sample are the average of from ten to twenty determinations 
made on each sample. The fibers for the separate determina¬ 
tions were selected from different parts of the sample, accord¬ 
ing to a definite method, adopted by the Fiber Standardization 
Board as giving uniform results. The tensile-strength numbers 
in the tables of this report are the average of at least ten 
determinations and were obtained by calculation from the ac¬ 
tual figures obtained in the Louis Schopper machine, and they 
represent the number of kilograms necessary to break fiber 
weighing 1 gram and measuring a meter in length. 

The elasticity numbers show the average percentage of stretch, 
when fiber bundles 20 centimeters long were used. 

The acidity numbers were determined in the following way: 
Approximately 10 grams of abaca fiber were selected from dif¬ 
ferent parts of the sample, and exactly 10 grams were weighed 
out. The weighed sample was cut finely, placed in an Erlen- 
meyer flask with 500 cubic centimeters of distilled water, and 
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heated one hour on the steam bath. The liquid was poured from 
the fiber, and the total acid content of the decanted liquid and 
washings was determined by titration with 0.1 N sodium hydrox¬ 
ide (NaOH), using phenolphthalein as indicator. Additional 
tests made on the fiber residue proved that very little acid 
remained. We are using these add figures, however, as indicat¬ 
ing the relative acid content of the abaca samples examined, 
rather than the total acidity. 

After making many determinations, we noticed a striking 
relationship between the tensile strength and elasticity, and the 
relative acid content of a given abaca sample. As the tensile 
strength and elasticity decrease, the relative acid content in¬ 
creases. 

While we would not attempt at this stage of the investigation 
to state that the acidity of an abaca sample is a determining or 
causative factor of its tensile strength, our tables show a sur¬ 
prisingly uniform parallelism between the tensile strengths and 
the relative acid content. 

In order to make our comparisons more easily seen, we have 
classified all the samples into three groups; namely, the samples 
with tensile strengths of from 50 to 59 kilograms, inclusive; 
the samples with tensile strengths of 10 to 49 kilograms, inclu¬ 
sive, and the samples with tensile strengths below 40 kilograms. 

There were too few samples with tensile strengths above 
60 kilograms to make a fair basis of comparison, so these figures 
were not included. 

Eighty-two abaca samples (Table 3) showed an average tensile 
strength of 54.87 kilograms; an average percentage of elasticity 
of 2.50; and an average acidity of 0.89 cubic centimeter in terms 
of 0.1 N sodium hydroxide (NaOII). 

Seventy-eight abaca samples (Table 4) showed an average 
tensile strength of 44.0 kilograms; an average percentage of 
elasticity of 2.37 ; and an average acidity in terms of 0.1 N sodium 
hydroxide (NaOII) of 1.31 cubic centimeters. 

Thirty-three abaca samples (Table 5) showed an average ten¬ 
sile strength of 35.45 kilograms; an average percentage of elas¬ 
ticity of 2.11; and an average acidity in terms of 0.1 N sodium 
hydroxide (NaOH) of 1.73 cubic centimeters. 

For an average decrease in tensile strength of approximately 
10 kilograms, there is also a decrease in percentage of elasticity 
of from 0.13 to 0.26; and an increase of acidity of 0.42 cubic 
centimeters in terms of 0.1 N sodium hydroxide (NaOII). 
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Table 3. —Fiber samples having tensile strength of 50 to 59 kilograms , 
with their corresponding acidity. 


I 


No. 


Origin. 


Variety. 


Tensile Elastic- 
strength. ity. 


Acidity 
in terms 
of 0.1 N 
NaOII. 


IQ- 


Per cent. 


526 

626 

627 

628 

630 

631 
532 
633 

638 

639 

640 
611 
642 


Libbey, I )avao _... 

.do.— ... 

_do. ... . . - - 

.do. _ 

Bago, Davao _ - 

.. .do.__ 

.do . _ 

_do.. — . 

Patada, Davao. 

_do. _ 


j_do_ 


650 * Daliao, Davao 

651 

652 

653 |.do ._ 

654 | ...do_ 

655 j_ do. 



673 I Malita, Davao- 

674 ! -do..... — 


696 : Jolo, Jolo Island 

753 j Liguu, AI bay- 

756 | Li bog, A l bay- 


757).. . do---- 

758 '_do .. _ 

760 ' F'andan, Albay. 

761 ■_do_ 

762 : . .do.. 

763 '...... do.. 

780 1 Tabaco, Albay_ 

781 1 .do_ 

785 j_do .. 

794 , Bacacuy, Albay . 

800 i Libog, Albay. 

801 ' . _. .do_.... 

805 1 . ... do.... .- 

808 '. _ . do . _ 

809 . .do.. 

804 . _ 


812 i Bacon, Soraogon.. 

814 ! Gubat, Soraogon- 

815 j _do- 

820 Kupurapu, Albay. 

832 j Ligao, Albay.. .. 

84nA | Casiguran, Soraogon .. 
840B : . -do.. 


Lauan .. 1 

. Tangonong-- 1 

Libuton. : 

j Maguindanao._I 

I Tangonang_ I 

! Libuton...... | 

Maguindanao. .._' 

j Bungalanon... 

. j.do....! 

i Tangongon. . 

Maguindanao _ 

^ Libuton. _ 

. j Lauanan_ 

I Maguindanao 

.j Tangongon..... 

' Bungalanon . .. • 

J Maguindanao_ 

| Tangongon 

.j Bungalanon.. ..j 

. j Abaca_ . i 

• .do_! 

1 Lanut agutay_ 

• Abaci_ 

. i Taguiltil . - 

iturigorunon. 

;_do. .. 

; Amokid. ' 

A baea___ 

. Ainokid.. 

A bacA .. , 

Samorong itorn_ 

..do_ 

Canton_ 

Samorong puti. 

j Samorong itom_ 

. _do_ 

Canton......_ j 

• _do... _ -' 

1 


_. | Samorong itom..... 

. I_do. ... -i 

. I . .do. .. ! 

.’Abaca_ ..j 

... ( .do... ( 

_J. ...do__ 

. do...-1 


56.9 

54.5 

50.7 

67.4 

56.4 

60.9 
56. 6 

58.6 
68. I 
56. 5 

55.8 
56.0 
67. 0 
66.0 

56.2 

56.6 

54.3 
53. 6 

58.2 

69.8 

67.8 | 

57.7 j 

50.5 

56.6 j 

68.3 j 

56. 1 : 

61.0 i 

59.0 | 

59.0 i 

55.4 | 
53.0 i 

55.7 t 
56 1 i 
63. 6 

53.7 

54.8 

58.7 

50.7 
53.3 


62.0 I 

61.4 j 

51.2 

53.3 
54.8 
59. 5 


2.56 

0.58 

2. CO 

0.62 

2.37 

0.58 

2 66 

0.60 

2. 52 

0.70 

2.36 

0.60 

2. 75 

0. 50 

2.40 

0.50 

2.32 

0, 60 

2.22 

0.49 

2.77 

0.55 

2 21 

0. 60 

2.66 

0. 50 

2.52 

0.30 

2.48 

0.30 

2.24 

0.30 I 

2.81 

0. 50 ! 

2.49 

0.76 , 

2.47 

0 80 | 

2.23 

0.70 i 

2.20 

0.80 | 

2. 13 

0.90 i 

2.37 

0.60 

2.88 

1.30 | 

2.63 

| 0.60 , 

2.36 j 

1.10 

2.68 1 

1 0.30 

2.43 1 

0. 60 

2 66 j 

| 0:10 

3.00 | 

0.40 

2.79 | 

1 0.60 j 

2,66 . 

0.30 i 

2.35 ! 

0. 40 

2.60 

1.20 ( 

2.64 

0.40 , 

2.64 

0.40 '• 

2 35 

0.60 : 

2.30 1 

1,10 1 

2.60 

0.60 | 

2.16 ] 

| 0.60 | 

2.86 

i 0.70 ; 

2.86 

1 0.60 I 

2.86 

* 0.40 1 

2. 14 

2. 10 [ 

2. 50 

1 120 i 

2.37 

i 1.20 i 

2.62 

1 1.20 
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Table 3 .—Fiber samples having tensile strength of 50 to 59 kilograms , 
with their corresponding acidity —Continued. 


No. 

Origin. 

Variety. 

202 

Daet, Camarines Norte. 

Antiguo. _ 

203 

_do.... 

Samoro_ 

204 

___do. _ _ 

_do__ . .._ 

210 

_do .. 

Alinsanay... _ 

213 

do_ . 

.do.. . 

214 

. ..do_ 


222 

Ligau, Albay 

! 

Kidit_ ; 

224 

.do.._ j 


235 

Tinapian. Albay 

Buranom puti.___f 

244 

Sorsogon, Sorsogon 

PulfL ... .' 

250 

Juban, Sorsogon . 

Lagonoy_ i 

251 

.do.. . i 

..do. . . | 

253 

... .do.. . ...__ . ., 

Puti... j 

254 

_do . 

do i 

256 

.... do__ 

Lagonoy . ! 

260 

_do.. ......... 

Samoro puti 

262 

.....do. 

Binagucay. 

263 j 

.do_ 

Lugnis __ 

264 j 

. do. . 

; Samoro pul5_ 

266 

Putad, Sorsogon_ 

Isarog 

270 j 

.. do.__ ___ . 

Pul6 _ 

283 j 

Masaraw, Albay . . 

Kayado . 

288 | 

... .do. .. ! 

Amoraon. 

205 j 

Guinobatan Experiment Station, ' 

Puli 


Albay. 

1 


1 296 

..do.. . . 

298 

do.. . _ 

299 

_do.. _ 

301 

. do_ 

302 

_do.. 

! 309 

Tabaco, Albay 

ni:. 

Hantayan, Albay 

; 327 

Goa, (..'amarines Sur_ _ 

• 332 

Bacacjiy, Albay 

: 

i Tabaco, Albay 

! 347 | 

.do_ . 

379 | 

Putiao, Sorsogon . 

! 380 

_do.. 

1 881 

_do_ 

I H97 ; 

Bulan, Sorsogon . 

( 399 

.do ....... 


. do . 

I tom... . _ 

... .do_ _ ... 

Bagacayon _ 

...do. ; 

Puti _._ ; 

I tom. j 

-- do_ | 

Hinohuran.. . | 

Abaca.._ 

:_do__ 1 

| puti__ ! 

Samoro puti_i 

,.do. ....I 

Abaca . _... | 

do.. ' 


I 


Total abaca fibers 


14 


Average abaca libers. _ . .. j 

Total Canton fibers ._ 

Average Canton fibers__ . _ 1 

__ _ i ~'i 


Tensile 
at rength. 

Elastic¬ 

ity. 

.Acidity 
in terms 
of 0.1 .v 
: NaOIf. 

kg. 

Per a nt. 

, rc. 

67.4 

2.60 

5. 50 

57.4 

2.71 

: 4. 50 

59.4 

2.65 

: o.60 

55.2 

2.57 

0, 80 

58. 1 

1 2.28 

. 0.66 

67.2 

2.52 

• 0.46 

69. 4 

2.49 

; o.3o 

69.8 

2.36 

‘ 0.60 

65.1 

2.92 

| 0.96 

57.2 

2.67 

1.0,0 

51.9 

2.40 

• 0.90 

56.2 

2.40 

: 0.40 

53.0 

2.46 

0.90 

50 9 

2.58 

1.00 

50. 7 

2.31 

0.90 , 

55.8 

2.26 

0.60 i 

52.7 

2.26 

0.60 j 

60.6 

2. 10 

0.60 | 

57.8 

2. 40 

0.30 j 

69.3 

2.70 

1.00 j 

54.8 

2.61 

0.70 | 

50.2 

2.49 

2.10 i 

50.4 

2.34 i 

1.60 1 

53.9 

2.38 1 

1 

0.60 | 

66. 0 

2.47 ! 

1.00 | 

53.6 

2.68 j 

1.60 i 

53.7 : 

2.62 j 

1.50 j 

51.1 i 

2.56 ! 

1.00 

52.0 ' 

2.80 | 

1.20 

50.0 : 

2.99 | 

1.70 

50.8 j 

2.53 

1.20 

59. 7 

2. 12 

0. 60 

56. 9 

2. 48 

0.90 

51.8 

2.17 : 

1.00 

r.o 1 

i 

2.67 ! 

1.00 

52.4 

2.82 . 

1.20 

53.2 j 

2.00 ! 

1.00 - 

60.2 | 

2.08 

0.90 

54.4 1 

1.99 

0.60 1 

50.1 * 

2.oo 

1.60 

,499.4 | 

2t- 5. 52 

73.33 i 

64.87 | 

2. fii! 

0.89 ! 

271.7 • 

l 

12.06 

3 20 ; 

64 ■ 3 i 

2.40 

. 0. 61 ! 
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Table 4.— Fiber samples having tensile strength of 40 to 49 kilograms , 
with their corresponding acidity. 







Acidity 
in terms 



Variety. 

Tonailo 


o(0.l N 

No. 

Origin. 

strength. 

>ty. 

sodium 

hydrox- 






ido 






(NaOH). 




kg. 

Per cent . 

cr. 

711 

Rapurapu, Albay 

Canton J ?. . 

■ 4 6.6 

2.42 

1.50 

743 

do . 

Canton I. 

1 45 9 

2.39 

0. 90 

745 

_do.. 

Canton M t 

11 6 

2.28 

1.20 

718 

.. do ...... 

Canton C, 

14.9 

2.26 

1.20 

750 

Liguo, Albay 

Abaca 

47.2 

2.38 

0 30 

751 

.do . 

do 

! 44.3 

2.41 

0. 70 

752 

_do. 

. do 

17.7 

2.77 

0 70 

750 

Sorsoguti, Sureogon 

A mokid 

48.7 

2 . 62 

1.00 

7 (ill 

Libon, Albay 

Samorong puti _. 

48.2 

2. 50 

1 90 

767 

.do_ . 

_do_ 

45.3 

2 . 51 

2.00 

768 

_do- - 

Canton_ 

42.9 

2.23 

2.30 

706 

Kara cay, Albay 

Abacli 

17.8 

1 28 

0 . 10 

700 

Libog, Albay’ 

do. 

11 5 

2.75 

0 90 

802 

_do_ 

Canton puti 

12.8 

2.36 

1.50 

«o;j 

do. 

...do. 

42.8 

2. 19 

0.50 

806 

.do. . 

Canton pulft 

40 9 

2 . 16 

2 00 

8 " 7 1 

. . do .. 

. do 

15.9 

2 16 

0 70 i 

810 

Karon, Sorsogon. 

do 

48. 4 

2 79 

0.7ft : 

811 

do 

. do 

18. 1 

2.67 

1. 40 | 

813 

do 

Abaca 

16. 7 

2.62 

0.90 

810 ! 

la-gaapi, Albay'. 

do 

40. 8 

2.59 ' 

2.80 | 

821 

| llonHol, SorBogon 

i. . . .do 

49.6 

2 .2f» : 

4 70 | 

833 j 

Kabankalan, Occidental Negros 

j Mixed 

48. 9 

1.94 | 

1.80 ‘ 

811 J 

Casiguran, Sorsogon 

1 Abar;i 

17. 7 

2 36 

1 20 ' 

8 18 j 

Southern Albay_ . . _ 

Malones 

13.8 

2.28 

3 SO 

201 : 

L>aet, (.'amarines Norte . 

Alinsanay 

48 1 

2 52 1 

0 90 

211 1 

_ _. do _ 

.do 

47. 1 

2 67 i 

0.60 ; 

212 1 

do ^ 

. do 

46 8 

2 36 1 

0 75 1 

216 ■ 

do .. . . 1 

Abaca . 

17. 8 

1 

2 64 j 

0 60 

230 ] 

Uuhi, ('amarines Sur . . _! 

Samokid 

11.5 

2.53 I 

l 20 

232 ! 

. : 

Samorong pulft . 

10 1 

2 24 j 

1 . 70 , 

233 i 

. .do - - ! 

Salampago . 

10 . 6 

2.15 1 

0. 90 1 

236 j 

Tinapian, Albay . .. i 

Burunom pul ft 

18 7 

2.21 : 

0.80 

237 | 

.do. : 

Kagcacayon put i 

48. r» 

, 2.65 i 

, 0.85 

238 1 

do 

Samina itom 

16. 7 

2.67 , 

1.00 

211 j 

Sorsogon, Sorsogon . . 

Puti 

49 4 

2.46 

0.90 

246 

do 

Amoki<i 

10 5 

2 31 

1 20 

248 

Juban, Sorsogon 

Agpus 

12 8 

2.78 

1 .60 ' 

252 ■ 

.do 

Isarng 

15 9 

2 . 16 

1 

f>"5 1 

Jovillar, Albay 

Samina. 

11.8 

2.57 

1 1.50 

276 

do 

Samoro itom 

17.9 

2.32 

j 1 20 ' 

277 

,_do_ . . _. 

Kagcucayon 

40. 6 

2.78 

j 1 .30 

278 

i .do. 

Samoro put i.. 

19 1 

2 39 

1 1 20 1 

270 

1 _do 

Cartaraon 

414 

2.62 

j 1 ■30 1 

281 

; CJuinobatan, Albay 

Puti 

| 11.5 

2 . 66 

j 2.10 

282 

do. 

Amok iron 

16. 7 

2 45 

i 2 00 

281 

! ... do 

Biriagucuy. 

45.8 

2 21 

1 l 60 

285 

. do. __ 

Itom .. 

48 2 

2 46 

1 0 90 
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Table 4. — Fiber samples having tensile strength of 40 to 49 kilograms , 
with their corresponding acidity —Continued. 



1 

1 

| 





! Acidity ! 

| in terms 1 

No. 

| Origin. 

1 


Variety. 

i Tensile 
strength. 

Elastic- 

ity. 

! of 0 1 A’ ( 

; sodium ; 

: hydrox-! 


! 





ide ' 







,(NaOH).: 


1 



' ly. 

Per rent. 

1 

re. 

287 

i Guinobatan, Albay 


Pulfi. 

49 9 

2.33 

' 1 ,50 

289 

i_do.. 



40.0 

45.9 



290 



Abac/i... 

2.11 

1.10 

291 

1._do_ 


do. 

4 5.6 

2.32 

1 40 

297 

| Guinobatan Experiment. Station, 

Itorn . 

49.4 

2. 15 

1 f;0 


Albay. 






200 

.. .do.. 


Bagucayan . . 

43.4 

2.27 

1.80 ' 

303 

-- . do._ 


Tomatugacan 

48.6 

2. 68 

1 20 




304 

.do. 

_ 

. do. . 

i 46 9 

216 

1 00 

305 

.. .do 


do. 

1 47. 4 

2. 53 

! 2 40 



306 

.. —do.__ 


AbucA.. . . 

■ ! 42.2 

2. 15 

! i io 

307 

. ... do... . 


.do 

44.8 

2.1 6 

0.80 

308 

Kantayan. Albay 


Atnokid .... 

40. 2 

1.97 

. 1.60 

310 

... do. .. . ........ 


Pula... 

43 1 

2.09 

1.00 

an 

.. . .do. 


Aggikikon _ 

16.7 

2 64 

1.00 

MM 

.do . 


1 torn 

43.9 j 

2. 33 

1 20 

317 

do. 


Am ok id . 

: 46.6 j 

2.27 

0. 90 

MIS 

.do .. . . . 


Pula_ 

46.8 ; 

2.30 

1.90 , 




31 * 

.....do. 


Agonoy 

44.7 ■ 

2. 36 

1 90 I 

320 

.do.. . 


Itom _ 

44.2 

2.30 

2.60 ■ 

322 

_.do 


Aggikikon. 

45.8 1 

2 40 

1 20 | 

333 

Hacacay, Albay 


I tom 

10 ft j 

2.<-2 

1.30 ' 

M3 5 

Tiwi, Albay . 


.do. 

19.6 j 

2 18 

2. 00 

336 j 

. .. do 


Pula... . . 

Abaca.. 

49 r> ' 
4 7 2 ' 

2.10 

2.38 ; 

1 30 

0.90 

339 ' 

Tahaco, Albay 


340 , 

_do 


do 

19.5 

2.42 

1.00 

342 ] 

do. _ 


. do 

19 6 

2.51 , 

1.00 

3 13 1 

. -do 


do_ 

40. 0 

2.08 ! 

1.30 

353 j 

Hacacay, Albay ... 

- -1 

Torotagacan . . 

41.6 

2.38 ; 

1.30 

305 ; 

. do__ . 


Bulao. 

11.0 • 

2 26 ! 

0.90 

361 

_do 


Eulayog.. 

40.5 

2 21 

1.00 1 

362 i 

do 

' 

Puti 

11.9 

2 43 

0.90 j 

363 j 

_do.. 

1 

Itom . _. . 

41.9| 

2.34 

1 20 

366 1 

d«»_ 


Canton . _ 

13.8 j 

1.94 

1.80 j 

37 1 ' 

Tubigian, Albay. 


Mindanao . 

4 5.7 

2. 42 

1.50 1 

375 1 

_do. 


Pula . . 

10-. 0 1 

2 22 

1 30 ! 

3 76 i 

I’utiao, Knrsognn 


Saminu 

44.0 | 

2.39 : 

0.90 

377 , 

_do . 


Sarnoro puti . 

49.7 

2.17 

0- 80 

378 ! 

d«i _ 


Alaon. 

43.7 

2.09 i 

0.80 

383 | 

_do. . . ... 


Amokid _ 

47.4! 

2.20 : 

1.00 i 

392 j 

Manito, Albay 

. . i 

Puti 

11 3 | 

1.83 

1.60 

't 67 ! 

Li bon, Albay 

1 

Abaca . 

45.3 | 

2 . 51 : 

2.00 

806 ! 

Lihog. Albay. 

. 1 

Canton pul&_ 

10.9 \ 

2. 16 

2.00 

798 1 

j 

_do. 


Abaca 

‘ 47.8 j 

2.68 

0.60 

1 

Total, excluding Cantons . 

i 

_ ... . 

3,531.5 ! 

185. 62 

102.60 ; 

! 

Average abaca fiber* 



14.0 j 

2.37 

30. 61 

2.35 

1.31 
17.70 i 

1 13 


Total, excluding abacas 

i 


571.8 j 
44.2 j 

i 

Average Caul on fiber* 

I 
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Table 5 .—Fiber samples having tensile strength of below UO kilograms 
with their corresponding acidify. 





i 


Acidity 
in terms 

No. 

Origin. 

Variety. 

| Tensile 
strength. 

Elastic- 

tty. 

of 0. 1 IS! 
sodium 
hydrox- 






ido 




J 


(NaOH). 




i 

kg. 

Per cent 

re. 

727 

Catanduanes, Albay _ .... 

Canton mix. . 

i 39.2 

2.26 

6 60 

728 | 

_.do 

_do__ 

30. 2 

2.33 

6 70 

737 i 

Kapurapu, Albay. 

Canton 

‘ 21.4 

1 13 

1 . 10 

738 

do 

do _ 

1 24 5 

2.21 

3. 10 

739 | 

_do. . 

__ do __... 

j 29.7 

2 .0,1 

2.60 

740 j 

, . UU . ___ 

do. 

j 30.9 

1.92 

2 . 10 

744 

.do -. . .. . ... | 

-do. . _ 

27.8 

2.09 

1.50 

746 | 

_do. 1 

.do 

! 33.4 

1.18 

1.30 

747 ! 

do . 1 

do . 

36. 6 

2. 13 

1.30 

749 1 

Jolo_ _ 

_do 

25.0 

1.45 

2.80 ! 

75. | 

Ligao, Albay_ 

Abaca.. 

! 37.6 

2. 08 

0.70 ! 

761 j 

Punduti, Albay_ 

__ do 

i 34.6 

2. 44 

2.00 j 

769 , 

Libon, Albay 

Canton... 

! 38.8 | 

2. 11 

3.00 ' 

770 1 

(.'aholhon. Aibay_ 

Abaca 

1 27.7 1 

2. 15 

o 

o 

w 

771 

_do... 

..do. 

29.1 ! 

2.07 

4.70 ; 

774 

do.. ... 

Canton itoin 

23.1 | 

2.33 

1.70 ; 

775 

_do. ......_ 

..do. .. . 

24.3 j 

1 87 

4.10 t 
0.90 ! 

778 • 

Tabuco, Albay. 

Sumorong itom 

■ 39.0 i 

2.40 

779 ' 

..do.. ' 

...do. 

29.4 | 

2.06 

0 9tl 1 

782 ! 

. . do . 

Canton puti . . .. 

! 29.5 : 

2. 14 

2.00 

783 i 

_do_ 

...do. . . 

23.6 

1.86 

5.30 

0. 70 

786 j 

Pandati, Albay ...... 

Amokid 

28.Q | 

2.63 

787 

do . . . 

_do. 

26. 1 1 

2.0.1 | 

l 70 

788 . 

Hum ray, Albay 

Canton puti 

27.4 ! 

1 90 

6.00 

78 9 

do_ 

_do 

35.7 | 

3.50 j 

0 80 1 

791 ; 

_do.. . 

Canton puluyog. . . 

2V.1 j 

1. 79 

6.30 

7 9 f> 

.do__ 

A baca 

1 37.2 

2.54 | 

1.50 j 

816A 

Pundun, Albay 

Mixed A and C_ 

I 23.4 ; 

1.72 I 

2.20 

817 j 

Southern Albay.. 

Abacu. 

[ 38.0 i 

2.48 i 

2. 70 

818 1 

...do 

.do 

38. f. ! 

2 62 i 

1.10 ! 

823 : 

Negros.. 

Halone.-i 

| 22.8 | 

2.42 ■ 

1.90 j 

834 

Rapurapu, Albay 

Canton... 

1 39.4 i 

2. 14 

1.80 

842A 

Goa, Catnarines Sur 

Abaca. 

39.6 j 

1.93 . 

4.20 ) 

844 j 

LegaHpi, Albay 

do. 

| 38.4 | 

1.06 1 

1 00 j 

815 i 

Tabaeo, Albay 

do 

1 3 7. 9 1 

2 15 i 

i in 1 

846 

..do.. 

Canton 

| 28.0 | 

1.80 j 

4 30 

817 

Catnarines We te. 

do. __ 

! n.a i 

l-HV i 

6.30 

8 19 

.do.. 

. . ..do. | 

1 33.8 ( 

2.03 j 

6.20 ! 

850 

_do ... 

do | 

28. 1 ! 

1.60 i 

ft. 80 

228 

Inga, Carnarines Sur. 

Abaca j 

1 31 2 j 

1 88 j 

2 lo 

231 

Huhi, (‘amarines Sur ; 

Sarnorong it.om _ j 

37.2 | 

2,15 ; 

1 20 

239 

Tinapian, Alba> . . ... . , CanLuii 

30.1 ; 

1 70 , 

1.20 

247 

Juban, Soniitgon _ , Agpaa 

35.9 | 

2.05 j 

1.20 

294 , 

Ouinobat.au, Albay 

Puti __ 

38.2 | 

2.03 | 

0.80 

312 ; 

Uantayan, Albay. 

do 

38 3 ! 

1.91 j 

2. 30 

321 

.do 

.do. 

29. 1 ! 

1 91 ' 

0.90 J 
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Table 5 .—Fiber samples having tensile strength of below 40 kilograms 
with their corresponding acidity —Continued. 


No. 

Origin. 

Variety. 

Tensile 

strength. 

Elastic¬ 

ity. 

Acidity 
in terms 
of 0.1 V 
sodium 
hydrox¬ 
ide 

(NaOH). 




kg. 

Per cent. 

cc. 

330 

Rncucay, Albay . 

Canton pula 

30. 6 

1 74 

1.40 

331 

-. -do. 

Canton puti . . 

26.8 

1.37 

1.70 

337 

Tiwi, Albay 

ruti... 

36.5 

2.33 

1.70 

348 

Tahaco, Albay 

.do__ 

38 6 

2 31 

1.90 

350 

Bacacay, Albay 

I torn. 

39.0 

2.39 

1 20 

351 

do. 

Binanguran _ 

36. 3 

2.22 

0.90 

352 

. . ..do._ 

Puti . 

37.3 

2. 17 

1.70 

354 

do.. 

Agonoy... 

37 5 

2 52 

J 10 

350 

_do . 

Moronganom 

37. 4 

2.09 

1.20 

358 

do _ . . 

Moroiig datu ... .. 

26. 5 

1.86 

1.10 | 

350 

... .do_ . _ 

l'ar<>| 

20.2 

2.21 

2 60 | 

360 

...do. 

Abacii 

24. 9 

1.81 

1.20 ! 

367 j 

lloroan, Albay. 

do 

37, 7 

1.96 ! 

0.90 ' 

368 ' 

Caramoan Peninsula 

do 

36.0 

j 1 04 

i . oo ; 

369 ' 

randan, Albay 

-do. 

31.2 

2.31 

1.20 | 

382 : 

j 

i’utiao, Soraogon. ... 

Paco I 

24.4 

1.23 , 

1.30 | 

388 | 

Manito, Albay 

Canton p iti 

34 3 

1.70 ! 

2.20 j 

389 ! 

_do _ 

Pul*. 

30 6 

1 37 1 

1 00 j 

390 ' 

.do.. 

Tiporitipoi. \ 

39 2 

1.50 1 

1.00 

387 

Guinobutan, Albay 

Abacii | 

28.9 

1.96 

2.60 

391 

Manito, Albay 

Puti. .. 

34.9 

i.3i ; 

1.00 

398 

Bulan, Sorstigon 

Canton ; 

39 5 

1.79 i 

2.00 

401 i 

kapurapu, Albay 

do j 

20. 1 

1.37 i 

1.50 

408 

Maaaraw, Albay.. 

('anion puti 

31 2 

2.00 ! 

2.00 

109 

do... 

Abacii . 

3S.| 

2.01 ! 

1.10 

395 

Garamoan Peninsula, (’amarinea 

Sur. 

Cant.ui 

22 ..S j 

,.42 | 

j 

3.30 ( 

1 


Total abaca fibers 

i 

1,170.1 ; 

09.83 ! 

57.30 | 


Average abacii fiber.; 

1 

as. tr. 

2.11 , 

1.73 j 


Total Canton fibers 

i 

932.7 1 

59.96 

92.00 j 

i 

Average Canton fibers 

1 

30,0 j 

1 87 

2.96 | 


THE RELATION BETWEEN TENSILE STRENGTH AND ACID CONTENT 
FOR CANTON FIBERS 

Canton fibers are obtained from hybrid plants and are ap¬ 
parently crosses between abaca and banana. 

The five Canton fiber samples that are included in Table 3 
have an average tensile strength of 54.3 kilograms; an average 
percentage of elasticity of 2.40; and an average acidity in terms 
of 0.1 N sodium hydroxide (NaOII) of 0.64 cubic centimeters. 

Thirteen Canton fiber samples (Table 4) show an average 
tensile strength of 44.2 kilograms; an average percentage of 
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elasticity of 2.35; and an acid content in terms of 0.1 N sodium 
hydroxide (NaOII) of 1.43 cubic centimeters. 

Thirty-one Canton fiber samples (Table 5) show an average 
tensile strength of 30 kilograms; an average percentage of elas¬ 
ticity of 1.87; and an average acidity in terms of 0.1 N sodium 
hydroxide (NaOH) of 2.96 cubic centimeters. 

In the case of Canton fibers there is also an increase of acid 
content as the tensile strength decreases, but it is not so uni¬ 
form as in the case of abaca. Only a few Canton fibers are 
represented in Tables 3 and 4, so that these results are to be 
expected. 

Nearly all Canton fibers have a tensile strength below 40 
kilograms; they are included in this article because the average 
figures for Canton fibers as found in Table 5 are of value as 
supporting evidence in distinguishing between true abaca fibers 
and Canton fibers, in case of dispute in fiber identification. 

The average figures for the Canton fiber samples (Table 5) 
are not in themselves to be taken as conclusive proof of identity, 
since some abaca samples show the same figures; but these num¬ 
bers are often very useful in confirming other, more-important 
tests that have indicated that the fiber under investigation is 
probably a Canton fiber. 

RATE OF LOSS OF TENSILE STRENGTH DURING STORAGE AND THE 

ACID CONTENT 

An experiment was undertaken to show whether or not a ma¬ 
thematical relationship exists between the speed and the amount 
of loss of tensile strength in abaca fibers during storage and the 
acid content. The fibers used for this experiment were kept 
six months or longer in the dark, semidry storage room de¬ 
scribed above. The moisture content of the fibers in this room 
ranged from 9 to 11 per cent. The tensile strengths were de¬ 
termined twice on the same sample after an interval of storage 
of six months or longer. An acid determination was also made 
on the same sample usually at the end of the period of storage. 
Our results, doubtless, would have been more valuable had we 
made several acid determinations on each sample at intervals 
during the period of storage. At the beginning of this research 
work, however, we did not foresee the relationship between ten¬ 
sile strength and acidity. At present, we have no way of know¬ 
ing whether the acid content of a given sample varied or not 
during the period of storage. It is conceivable that some of 
the fibers that showed the greatest loss of tensile strength 
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but which, at the time of titration, had a low acid content may 
have had a high quantity of acid at the beginning of storage. 
These acids may have dissolved, or chemically changed the bind¬ 
ing material of the middle lamella of the abaca during storage, 
thus lowering the tensile strength of the fiber. During this pro¬ 
cess the acids themselves may have been used up, so that only 
a small amount of acid was left in the perished fiber. 

It is also possible that deterioration of abaca may have been 
caused more by the nature of the acids present than by their 
quantity. Certain acids are formed during bacterial fermen¬ 
tation, and it is possible that small quantities of the acid pro¬ 
ducts of fermentation may have a more deleterious effect on 
abaca than larger amounts of those organic acids that are nor¬ 
mally present. We wish to emphasize, at this point, that the 
greater part of the samples tested were not commercial samples, 
but were gathered personally in the field, and were stripped and 
dried under conditions that would make fermentation impos¬ 
sible. 

Drawing our conclusions from the data now at hand, we have 
not found that any regular mathematical relationship exists 
between the rate of loss of tensile strength during storage and 
the amount of acid present. In no case, however, did we find 
abaca with an unduly high acid content, but that the fiber either 
already had a low tensile strength, or else it showed a much 
lowered tensile strength after long storage. 

SUMMARY 

1. The natural acid content of abaca is greater in fibers having 
low tensile strengths. 

2. As the tensile strengths of abaca samples decrease about 
10 kilograms per gram of weight per meter of length, the nat¬ 
ural acidity of the fiber increases about 0.42 cubic centimeter 
for each 10 grams. The acidity is measured in terms of 0.1 
N sodium hydroxide (NaOII) using phenolphthalein as an 
indicator. 

The natural acid content is also higher for Canton fibers 
with a low tensile strength, but the mathematical relationship 
between the tensile strength and the acid content is less definite 
for these hybrids than it is for true abaca. 

4. Loss of tensile strength in abaca during storage is affected 
by the acid content, but as yet no definite mathematical rela¬ 
tionship between the rate of loss of tensile strength and the 
acid content has been discovered. 

238*244--3 
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Table 6 .—Showing changes of tensile strength during storage —Continued. 
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Table 6. —Shelving changes of tensile strength during storage — Continued. 
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Table 7 .—Loss of tensile strength during storage , with corresponding acid¬ 
ity of abaca samples. 

SAMTLES IIAVINC. TENSILE STRENGTH OK 50 KILOGRAMS AND ABOVE. 


No. 

i Tensile 
j strength 
'lost during 
[ storage. 

| LobS of 
! from 1 to 

1 . 1)0 kilo- 

| grump. 

0.1 N so- 1 ' 
dium hy-!j 
dr oxide i 
(NaOH) : : 
necetjaary ", 
to neut ral- ; 
izc aoidsof'l 
10 grama i 
of ahac&. J 

N o. 

Tensile 
strength 
lost during 
storage. 
Loss of 
from 2 to 
■1.90 kilo- 
grama. 

0 1 A/ so¬ 
dium hy- j 
dr oxide . 
(NaOH) j 
necessary 
to neut ral- 1 
ize acids of i 
10 grams , 
of abaca. 

1 

No. 

Tensile 
strength 
lost during 
storage. 
Loss of 5 
kilograms 
and above. 

0.1 K so¬ 
dium hy¬ 
droxide 
(NaOH) 

necessary 
to neutral¬ 
ize acids of 
10 grams 
of nhacfi. 


' kg. 

0.02 | 


kg. 

cc. 


kg. 

cr. 

5126 

j 1 20 

525 

3.00 

0 58 ! 

529 

7.00 

0 50 
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0.55 
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3. 50 
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SAMPLES HAVING TENSILE STRENGTH OK 10 TO 10 KILOGRAMS. 
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FERMENTATION AS AFFECTING THE QUALITY OF 
PHILIPPINE ABACA 

By Trinidad Banuelos 

Assistant Haethnologist , Bureau of Science, Manila 
and 

I 3 . L. Sherman 

Cordage Institute Fellow, Bureau of Science , Manila 
ONE PLATE 

INTRODUCTION 

According to the nomenclature adopted by the United States 
Department of Agriculture “Philippine abaca” designates the 
fiber produced from the plant Mum textUix Nee and differen¬ 
tiates it from the other twenty and more fibers known commer¬ 
cially as hemp, which are grown in various parts of the world. 
In as much as the fiber of Mum tcwtilis is now produced in 
Borneo, Java, and Sumatra somewhat extensively the prefix 
“Philippine” designates the fiber produced only in the Philippine 
Islands. 

The word “abaca” apparently first appears historically in Pi- 
gafetta’s classic diary of Magellan’s Trip Around the World in 
1519. In giving a list of the native articles in common use and 
the words used for them as found on Cebu Island, he says: “For 
the cloth with which they cover themselves, abaca.” This cloth, 
woven from abaca fiber, is still extensively woven and worn in 
the southern Philippines. 

Abaca is indigenous to the Philippines. That it is endemic 
and that the production of the fiber has been a monopoly up 
to the present are certain. The million and more bales of com¬ 
mercial fiber annually exported from the Islands are produced 
from many varieties of this one species of Mum as well as from 
apparently other more or less closely allied species, whose rela¬ 
tionship to the true abaca is yet to be determined. 

As a result of business stagnation following the World War 
many thousand bales of abaca fiber were stored in Manila and 
provincial warehouses for periods varying from a few months 
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to more than two years. When this fiber was exported con¬ 
siderable quantities were found on arrival to be more or less 
deteriorated in both color and tensile strength, and consequently 
it brought into prominence as never before the problem of quality 
deterioration. Preliminary investigations of the commercial 
methods of fiber production and storage begun some three years 
ago indicated that most of the fiber deterioration started during 
the period of its production in the provinces and was augmented 
and completed afterwards by storage in warehouses and ships. 

Investigations in the laboratory, following those made in the 
field, showed that this quality deterioration could often be 
measured chemically and that this measurement will give val¬ 
uable information as to the kind and amount that has taken 
place even before it is evinced through lowering of tensile 
strength and while an acceptable color of the fiber is still present. 

The causes and the results of fiber deterioration are many and 
varied; some are accidental, while others are fundamental de¬ 
fects of the present system of production, but among the latter 
not one has caused the damage that can be legitimately as¬ 
cribed to the lack of systematic and complete drying of the 
freshly stripped fiber; and, in order that the work described 
below may be the better understood, the essential steps in the 
commercial production of abaca fiber and the far-reaching re¬ 
sults following the same are here briefly recapitulated. 

To secure the maximum amount of fiber with the minimum 
expenditure of labor and time, the outside layer only of each 
of the long, fleshy leaf stems (which overlapping, form the stalk, 
or trunk, of the abaca plant) is pulled off from the underlying 
pulpy portion. This outside fibrous layer, in strips of varying 
width and thickness and comprising some 15 per cent of the 
weight of the entire trunk, is known as “tuxie^ and its removal 
is the first step in the production of the true fiber which appears 
when the tuxies are in turn passed under a stripping knife 
to remove pulp, juice, outside skin, and short, weak fiber. The 
completeness of this process of cleaning the fiber is determined 
by the kind of knife used as well as by the pressure exerted 
by it on the tuxie strip. If the knife blade is sharp and the 
pressure sufficient, only fiber of excellent cleaning results. In¬ 
sufficient pressure or a knife blade that is either dull or even 
serrated permits the production of all other grades even to the 
coarsest strips. 

The fresh fiber as it comes from the stripping knife is so 
saturated with plant juices that even hand pressure is suffi- 



37,i Banuelos and Sherman: Fermentation in Abaca 43 

cient to expel them, and all of the chemical constituents that 
they contain consequently dry into the fiber during the drying 
process that follows. This drying process, as will be shown 
later, is of the utmost importance to the future strength and 
durability of the fiber, yet no drying sheds are ever provided, 
and the fiber being dried in the open is subjected to all the 
vicissitudes of a tropical wet climate and the drying consequently 
requires anywhere from two hours to two weeks. 

The freshly stripped fiber is bright in luster, high in color, 
very elastic, and somewhat weak. Quick and thorough drying 
accomplishes the triple purpose of making permanent the lus¬ 
ter; of keeping the color from darkening, except very slowly; and 
of hardening and toughening the fiber strands, together with 
the more or less pulpy substances surrounding them, and there¬ 
by reducing the elasticity to normal. The fiber, promptly and 
and well dried, is then in its best possible physical condition 
to perform its alloted commercial functions, which are to main¬ 
tain its tensile strength, color, and resistance to wear for a 
reasonably long time. 

Abaca fiber, as has been shown, is vegetable in its origin 
and chemically is composed to a very large extent of cellulose, 
in and with which is bound up a rather large number of chemical 
substances, both organic and inorganic, that in their entirety 
constitute the true fiber body, and through their varying amounts 
and combinations give rise to the many grades now recognized 
commercially. To determine how, when, and why abaca fiber 
became weak and discolored—that is, became damaged and per¬ 
ished, was the object of this investigation. 

EXPERIMENTAL 

On visiting the warehouses where large quantities of fresh 
abaca fiber were being received and classified daily it was ob¬ 
vious that the deterioration evidenced by some of the fiber had 
taken place in the provinces where the fiber was produced. On 
visiting the provinces and studying the methods of fiber pro¬ 
duction it was equally certain that damaged fiber was also coming 
into the provincial warehouses accompanying the strong fiber 
in varying amounts and showing different degrees of deteriora¬ 
tion. Allowing for the relatively short time factor involved the 
damage was apparently caused by either chemicals or fermen¬ 
tation, and in as much as all damaged fiber was less valuable 
than undamaged fiber it seemed only reasonable to ascribe the 
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deterioration to nothing deliberately brought about by anyone 
but to incidental commercial conditions of fiber production as 
practiced, hence the use of chemicals was impossible, and there¬ 
fore the presence and agency of active ferments in causing fiber 
deterioration became a working hypothesis. 

A study of the fiber-stripping process as carried out in the 
abaca districts shows that some 85 per cent of the abaca plant, 
felled for stripping, after the fibrous layers, or tuxies, have been 
removed, is left on the ground around the growing and im¬ 
mature plants, where it promptly ferments and decays, and in 
the course of a few months is again absorbed by the soil as new 
plant food. Therefore, the growing plants are always sur¬ 
rounded by fermenting material, and to demonstrate the pres¬ 
ence of the active agents of fermentation, their method of 
action, and the results brought about by them was the next 
step. 

The reduction of vegetable matter containing, as in the case 
of abaca, cellulose, carbohydrates, proteins, woody matter, and 
inorganic salts, to available plant food is chiefly brought about 
by the microorganisms called bacteria, often assisted by fungi, 
commonly known as mold. The differences between the bac¬ 
teria and the fungi, both causing deterioration and decay, are 
many and well marked. The fungi, generally speaking, are 
plantlike in structure, being supported on appendages resembling 
roots, and reproducing by means of spores very rapidly, though 
their growth and multiplication are measured by days rather 
than by hours and minutes. Bacteria, on the other hand, are 
a much simpler form of vegetable life, in that they have no 
rootlike supports, many kinds in fact are even motile and re¬ 
produce by division, each new entity redividing as often as once 
every ten or fifteen minutes under favorable conditions, such as 
arc furnished by the pulpy residual trunks from which the fiber 
layers are stripped and even by the freshly stripped, juice- 
saturated fibers themselves. 

So fast working and complete is this bacterial action in all 
countries producing hard fibers, to which the many varieties of 
hemp belong, that it is made use of to free the fiber bundles from 
the pulpy, cellular matter surrounding them. In the Philippines 
the entire sisil and maguey fiber crop is produced by this fer- 
mentive process, or “retting” as it is called, the vital points of 
which are the following: 

Great care in allowing the process to progress only far enough to 
soften and disintegrate the extraneous vegetable matter without acting 
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on the fibers themselves, for though the fiber is quite resistant and the 
last to soften and disintegrate, it will do so eventually. 

Careful cleaning and washing of the retted fibers to free them of the 
still clinging cellular matter and especially to eliminate the acids formed 
through fermentive action, as these acids are recognized everywhere as 
the great destroyer of all kinds of vegetable fiber. 

Careful thorough drying of the retted fiber after the washing is com¬ 
pleted in order to kill all bacterial and other microorganisms still cling¬ 
ing in countless numbers to the wet fiber. Long and costly experience 
has shown that this is the cheapest and best way of ensuring long life and 
durability to the retted fiber. 

In as much as the commercial methods of abaca production 
as now practiced made it not only possible but very probable 
that the above facts had a direct bearing on the causation and 
control of weak fiber, the relatively slower-acting and more- 
localized fungi were left for later investigations and attention 
was concentrated on the bacteria, the results of whose mar¬ 
velous activity were in evidence everywhere in the abaca fields. 

THE PRESENCE, THE CHARACTERISTICS, AND THE EFFECTS OF BAC¬ 
TERIA CAUSING ABACA FERMENTATION 

COMPARATIVE BACTERIAL COUNTS FROM THE YOUNG LEAF, THE OLD LEAF, AND 
THE DRY STEM 1 OF ABACA 

Twenty-four abaca plants, divided into two sets of twelve 
each, were used for experimentation. The two sets were located 
some distance apart, so that the local conditions of each would 
be different. 

Round pieces, about 8 millimeters in diameter, of the young 
leaf, the old leaf, and the dry stem were punched out by means 
of a sterile cork borer and well washed in equal amounts (about 
10 cubic centimeters) of sterile water, from which 0.5 cubic 
centimeter was planted on plain agar for colony count. The 
reading was made after forty-eight hours with the results re¬ 
corded in Table 1. 

The experiment shows in a more or less uniform manner that 
bacteria exist in innumerable amount in the dry stem and that 
more bacteria are found in the young leaf than in the old leaf. 
Expressing the result graphically we have— 

Dry stem > Young leaf > Old leaf >. 


1 The dry stems referred to in these experiments were those that nTe 
always found clinging to the outside of the trunk after the leaf itself 
has dic'd and fallen. When the plant is cut down for stripping the dried 
portion is discarded. 
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Table 1 . —Bacterial colonies on young leaf , old leaf , and dry stem of abaca . 



Colonies. 


Colonies. 


On 

plate. 

Per cubic 
centi¬ 
meter. 


On 

plate. 

Per cubic] 
centi- | 
meter, j 

I. Young leaf 

76:i 

1 ,526 

1. Young leaf 

360 

■ ‘ 1 

720 

Old leaf. 

Y 

14 

Old leaf ... 

3 

6 

Dry atom. . . . . 

951 

1,808 

Dry stem . 

<0 

CO 

11. Young leaf. . 

•.»•> 

44 

2. Young leaf. 

4 

8 

Old leaf 

a 

10 

Old leaf 

11 

28 

Dry stem. 

l »;:i 

826 

Dry stem 

(O 

(O 

III. Young leaf 

2 

4 

3. Young leaf. 

5 

10 

Old leaf 

o 

12 

Old leaf 

5 

10 1 

I >ry stem... 

:>8 

76 

Dry a Lein 

i*) 

CD 

IV. Young leaf.. 

GO 

120 

4. Young leaf. .... 

954 

| 1,808 

Old leaf. 

:i 

6 

Old leaf 

14 

1 28 

Dry stem 

1.579 

51,158 

Dry stem . 

00 

! 

! V. Young leaf 

2 

4 

! 5. Young leaf 

4 

8 

Old leaf_ 

0 

0 

| Old leaf 

35 ! 

70 

Dry stem 

11.148 

22,896 

j Dry stem .. .. 

(O ! 

i CO 

VI Young leaf . 

5 

! 10 

, 6. Young leaf 

20 

40 

Old leaf 

0 

' 0 ! 

1 Old leaf 

5 

10 

Dry stem _ _ 

826 

1 1,652 j 

Dry atern_ 

(0 

CO 


Innumerable. 


IDENTIFICATION OF THE BACTERIAL FLORA FOUND ON THE GROWING PLANT 

Experiments to isolate and identify the different kinds of 
bacteria growing on plain agar were made as follows: 

From the fermentation tubes containing pieces of the young 
leaf, old leaf, and dry stem, after twenty-four hours incubation, a 
loopful was taken and planted on plain agar plate. The latter 
was incubated for forty-eight hours. At the end of that time, 
different looking colonies were fished out and planted on plain 
agar slant. The identification of the different bacteria was 
worked out by their morphology, staining characteristics, sugar 
reactions, and other biological characteristics. The unidentified 
bacteria were classified according to Bergey’s Manual of Deter¬ 
minative Bacteriology. 

The following bacteria isolated were readily identified: 

Staphylococcus aureus .—Coccus in graplike clusters producing a gold- 
on-yellow growth on agar. 

Staphylococcus citreus .—Coccus in grapelike clusters producing a 
lighter lemon-yellow growth on agar. 

Staphylococcus albas .—Coccus in grapelike cluster arrangement pro¬ 
ducing a white growth. The staphylococci are non-gas producers but 
attack carbohydrates forming acid in dextrose, lactose, and saccharose. 

Bacillus prodigiosus .—Motile rod-shaped bacillus producing a red pig¬ 
ment on agar. It produces a small amount of carbon dioxide (CO*) gas in 
dextrose broth. 
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There were other chromogenic bacilli isolated which needed 
further tests for their identification. All of them belong to the 
genus Flavebactenum, possessing feeble power of attacking car¬ 
bohydrates. Some of them present sugar reactions identical with 
the pineapple brown rot. (See Table 2.) 

All the bacteria mentioned in Table 2 belong to the genus 
Flavobacterium, defined as rod-shaped bacteria of medium size 
without endospores forming a yellow to orange pigment on cul¬ 
ture media. Characterized by feeble powers of attacking car¬ 
bohydrates, occasionally forming acid from dextrose but no gas. 
Motile or nonmotile and generally Gram negative. I-OL, and 
III-YL, have the same sugar reactions, identical with those of 
the pineapple brown rot. 

There were also nonchromogenic and nonspore-producing bac¬ 
teria found in the young and the old leaves and the dry stem of 
abaca. Bacillus lactis aero genes, a powerful gas-producing bac¬ 
terium, was the principal one; it was numerous especially in the 
dry stem and the young leaf. (See Table 3.) 

The first set, IV-DS.,, has practically the same biological char¬ 
acteristics as B. dysenteriae Shiga except that it does not agglu¬ 
tinate with antidyscnteric serum and the growth on agar is more 
abundant than that of B. dysenteriae. It should, therefore, be¬ 
long to the genus Eberthella, the members of which are motile 
or nonmotile, Gram-negative rods growing well on artificial 
media, attacking a number of carbohydrates; acid being formed 
in dextrose but no gas, and do not form acetyl methyl carbinol. 

The second set, I-DS U is a Gram-negative rod growing well 
on artificial media, attacking many carbohydrates, forming acid 
and gas in dextrose, and producing acetyl methyl carbinol. The 
sugar reaction and other biological characteristics exactly cor¬ 
respond to those of B. lactis aerogencs. 

The third set, I-DS 2 , is similar to the preceding in its biolo¬ 
gical characteristics except that it produces acid and gas in 
dulcite and the growth on agar is scanty. It therefore belongs 
with the preceding to the genus Aerobacter. 

The last set, II-DS-, is a Gram-negative rod, very motile, 
does not form acetyl methyl carbinol, and does not ferment any 
of the carbohydrates. It apparently belongs to the genus Al- 
caligenes and is possibly identical with /». alcaligenes bronchisep- 
ticus, which does not reduce nitrates and does not liquefy gelatin. 
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Liquified. * No change. c Color reduced to white. 







Kind. Morphology. Slant agar. Mannit^. Maltose. Xylose. Dulcite. Lactose. . Salicin. Dextrin. Russell. 
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Table 3 .—Nonchromogenic and nov.spo re-producing bacteria found in the young leaves , the old leaves, and the dry stem 
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Spore-bearing bacteria belonging to the subtilis group were 
also present. They are especially numerous in the dry stem and 
the old leaf. They do not produce acid or gas. 

GAS-PRODUCING BACTERIA AND THEIR DISTRIBUTION ON THE GROWING PLANT 

Taking advantage of the well-known characteristic of Bacil¬ 
lus lactis aerogenes and allied species to produce gas in media 
containing carbohydrates, their relative distribution on the 
various parts of the growing plant was determined by this 
means. 

Pieces of the young leaf, the old leaf, and the dry stem were 
placed in separate fermentation tubes. These specimens were 
taken from the twelve plants used in the preceding experiment. 
The amount of gas produced was noted after twenty-four hours, 
seventy-two hours, and a week of incubation at 37° C. The fer¬ 
mentation tubes contained nutrient bouillon with 1 per cent 
lactose titrated to 4 1 reaction. Table 4 shows the results of the 
experiment. 

Table 4. — Gas produced in fermentation tubes after various periods. 

FIRST SET. DECEMBER 124. 1926. 


Young Imtf. Old lritf. 1 Dry stein. 
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10 

12 

55 

17 

12 

16 

\ V 


' H 

31 


33 
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SECOND SET. 
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47.3 

' 17.8 

42.2 

57.5 

27.5 
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The results show that gas is produced by bacteria found in 
the dry stem, the old leaf, and the young leaf and that the 
gas produced by the dry stem is more than that from the old 
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leaf, and that from the old leaf is more than from the young leaf. 
Expressing the results graphically, we have after twenty-four 
hours and one week incubation— 

Young leaf -f < Old leaf -| < Dry stem -f-. 

After seventy-two hours incubation the result is irregular. 
These results appear contradictory to the first experiment where 
we had— 

Dry stem > Young leaf > Old leaf. 

The foregoing, however, referred to quantity numbers of bac¬ 
teria, while in the latter the amount of gas is determined by 
the amount of fermentable substance present as well as by the 
number of bacteria, and these two factors modify the results as 
shown. 


BACTERIAL CONTAMINATION OF FIBER THROUGH THE STRIPPING PROCESS 

The abaca field having shown itself to be a hot bed of bac¬ 
terial action it necessarily follows that in as much as no at¬ 
tempts are ever made to protect the abaca fiber from contamina¬ 
tion during the stripping process, all the fiber would probably 
be more or less heavily infected by bacteria. 

To get at the relative amount of infection suffered by the 
fiber coming from the various layers of the stalk, that is, out¬ 
side, middle, and inner layers, the following objectives were 
planned and carried out: 

KE1JVTIVK CONTAMINATION AS MEASURED BV GAS PRODUCTION 

During the process of stripping, about equal pieces of all the 
important parts were taken with all aseptic precautions and 
placed in fermentation tubes containing nutrient bouillon with 1 
per cent lactose titrated to 4- reaction. The gas produced was 
measured after twenty-four and forty-eight hours incubation at 
37 C. w T ith the results recorded in Table 5. 


TABLE fi .—(ius production after incubation, in fermentation tubes for twenty- 
four and forty-eiyht hours. 



1 . YounE leaf 

1 . f> ; 

33 !■ 7. Outer tuxie . 

« 1 

7 

1 2. Old leaf 

11.5 ' 

2-1 ]! 8. Middle tuxie 

; «i 

0 

3. 1 >ry stem_ 

1G.3 

72 9. Inner tuxie 

0 I 

l 0 

4. YounE skin. 

_! :i i 

3 1 10. Outer fiber 

1 G 

72 

5. Sap_ ._ - 

_. _ ' 0 i 

0 I' 11. Middle fiber.. _ 

! 2 i 

35 

G. Heart of stem .. 

--! 0 ' 

0 j: 12. Inner fiber 

1 1 

! 

I>6 
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Expressing the results graphically after twenty-four hours 
incubation in the raw material— 

Dry stem -f- > Old leaf -f- > Young skin + >Young leaf + . 

The heart of stem, sap, outer tuxic, middle tuxie, and inner 
tuxie remain without gas even after forty-eight hours except 
the outer tuxie. 

In the case of the finished fiber— 

Outer fiber + > Middle fiber -|- > Inner fiber -f- . 

The experiment shows that while the gas-producing bacteria 
are ever present in the outside layers of the stalk, inner tuxies 
from which the finer fibers are stripped are comparatively free 
from them. In the process of stripping, however, all the finished 
fibers become infected with the gas-producing bacteria. 

COMPARATIVE BACTERIAL COUNTS FROM INFECTED TARTS 

Equal pieces of the different parts of abaca were well washed, 
each in 10 cubic centimeters of sterile water. From each of 
the waters 0.5 cubic centimeter was planted on plain agar for 
colony count after forty-eight hours incubation. 


Table 6.— Colonies on plain agar after incAibation for forty-eight hours. 



Coloniea 


1 

Coloniea—• 

Portion. 

On 

plate. 

i 

| Per cubic | 
cent.!- ) 
meter. ( j 

Portion. 

On 

plate. 

. 

Per cubic 
centi¬ 
meter. 

1 

1 . Younts leaf_ .. . 1 

2. Old loaf _ 

10 

36 

J 

20 ; 

! 

i 7. 

Outer tuxie_ _ 

14 

28 

72 

i 

Middle tuxie _ 

1 

8 

3. Dry stem... _ _ 

(*> 

w : 


Inner tuxie... _ 

3 

6 

4. Inner stem.. 

13 

86 ; 

10 . 

Outer fiber.. 

168 

336 

5. Sap. _ 

72 

iM !; 

li. 

Middle liber. 

0 

12 

6 . Heart of trunk_ 

1 

2 ! 

12 . 

1 

Inner fiber.._ __j 

3 

6 








B Innumerable. 


Expressed graphically— 

Dry stem > Inner stem > Old leaf > Young leaf; 

Outer tuxie > Middle tuxie > Inner tuxie > Heart of trunk; 

Outer fiber > Middle fiber > Inner fiber; 

Sap > Inner stem. 

IDENTIFICATION OF THE PRINCIPAL KINDS OF BACTERIA PRESENT 

Attempts to isolate the principal kinds of bacteria growing 
in the fermentation tubes showing gas after forty-eight hours 
incubation were made, using Teague-medium plates. The prin¬ 
cipal and most abundant kind of colonies were fished out and 
planted on slant agar. Subsequent identification was under- 
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taken with the results recorded in Table 7. The biological 
characteristics are recorded in Table 8. 

Table 7 .—Identification of bacteria. 


I 


i 


laohitod from — 

Young leaf __ 

Dry atom__ 

Outor tuxk«...... 

Out.or fibt»r. 
Middlo fiber . . 
In nor fiber__ 


Old leaf 


Inner «tem . 


| Kind, 

j 1. liarillti* lactia aerugene *.. 

2. Bacillus prodigiasus . 

1. Subtilis group (b) Bacillus 
rncgatcrium. 

! 2. Bacillus bronchisepticus _ 

’ 1. K berth group_ 

■ 2. Identical with pinpapple 
brown rot bacillus. 


Appearance on Teague plate. 


Large colonies; rosy red, round, 
wmooth, much raised, and very 
moist. 

Dark purple, moist, round colonies. 

Small round colonies; dark purple 
with refracted light and a greenish 
dry metallic luBter resembling B . 
calx. 

Smull round entiro colonies, grayish 
white; moist and smooth surface. 

Small grayish white colonies; trans¬ 
parent and flat; serrated margin. 

Perfectly round colonies; much raised; 
moist; brownish with reflected 
light; with refracted light the cen¬ 
ter is dark purple and the peri¬ 
phery grayish white. 


I 


THE EFFECT OF DRYING FRESH FIBER ON ITS NORMAL BACTERIAL 
CONTAMINATION 

Observations made in the field and supported by the foregoing 
experiments appear to show that all commercial abaca fiber 
produced by present methods of stripping is more or less heavily 
contaminated with bacteria, and that the juice and soluble sub¬ 
stances accompanying the fiber furnish the media for their 
prompt and vigorous growth. Drying, or the process in com¬ 
mercial fiber production that follows the stripping (where the 
bacterial contamination takes place), is therefore of great im¬ 
portance, as it determines whether the bacteria shall live and 
cause damage or die and become harmless. 

The following experiments were undertaken to show the va¬ 
rious effects of thorough and prompt drying on the bacteria nor¬ 
mally present, so to speak, on the fiber. Attention is called to 
the two phases that developed as the experiment progressed. 
The first was the increasing mortality as drying progressed up 
to the seventh day. On that day the second phase appeared, due 
to the fact that rains caused a sudden increase in redative hu¬ 
midity, the fiber reabsorbed moisture and the remaining bacteria 
not only lived but promptly began their multiplication by divi¬ 
sion. 








Table 8.— Biological characteristics of bacteria. 
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surface; brownish in color and margin. 

Inner stem II. with reflected light; dark 

purple center, grayish white 
periphery' w'ith refracted 
light. 
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The freshly stripped fiber was classified into outer, middle, 
and inner fiber, derived from outer, middle, and inner tuxies, 
respectively. These were hung up in the room with free air ac¬ 
cess. About equal portions of each were cut each day and sus¬ 
pended and well washed in 10 cubic centimeters of sterile water; 
then relative bacterial counts were made on plain agar after 
forty-eight hours incubation. The results are recorded in 
Table 9. 

From the above experiment we may draw the following con¬ 
clusions : 

That as drying progressed the bacterial contamination was 
gradually reduced, reaching the minimum after seven days hang¬ 
ing in the room. After the first day the fiber samples were 
“commercially dry,” but it is very evident that this is not enough 
to reduce the bacterial count sufficiently and that longer drying 
or direct sunlight is highly desirable. 

That the fibers, both the freshly made as well as the commer¬ 
cially dry, arc invariably contaminated with bacteria capable 
of producing fermentation as soon as moisture is sufficiently 
increased. 

That the outer fibers contain the greatest and the inner fibers 
contain the least number of bacteria. 

THE EFFECT OF FERMENTATION ISY ABACA BACTERIA ON FIBER IN 
VARIOUS STAGES OF DRYING AND STORAGE 

THE EFFECT OK FERMENTATION ON FRESHLY STRIPPED FIBER 

Hanks of freshly stripped, mature fiber of mixed grade were 
selected, the moisture contents being arranged as follows: 

1. Was “wringing: wet” or just as it came from the stripping knife, 

and contained at least 50 per cent juice. 

2. Had been partially dried so that it contained some 20 per cent juice. 

3. Was part of No. 2 but had been moistened with clean river water 

so as to contain about 40 per cent moisture. 

These hanks were carefully wrapped in fresh abaca leaves 
to prevent outside soiling, then covered with the waste material 
discarded by the stripping knives and left there. This waste 
material, made up of discarded fiber, pulpy material, and 
plant juices, was fermenting so rapidly that it was distinctly 
warm. The results of the fermentation on these fibers induced 
through the ordinary infection received from stripping, handling, 
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Table y. — Experiments to show the effects of thorough and prompt drying. 


Day. 

i Portion. 

1 

Gas after 
21 hours. 

Gas 

after 48 
hours. 

bacierial | 
count per ' 
cubic centi 


i 



meter, j 



Per cent. 

Per rent. 



J Outer fiber_ . 

« 

72 

330 

First. . J 

1 Middle fiber . . 

2 

35 

12 

1 

J Inner liber 

A 

r,u 

« 


j Outer fiber_ 

i.r» 

10.2 

10 

Second.. . 

1 Middle fiber _ 

0 

0 

o 


• Inner fiber_ 

0 

22 

8 


Outer fiber_ 

0 

lfi 

4 

Third.. 


0 

1 

0 

4 

1 

; Inner liber_ 

0 

4 


J Outer liber ......_ 

a 

12.3 

8 

Fourth 

Middle fiber. 

0 

0 

2 


: Inner fiber.. _ 

0 

r> 

2 


| Outer fiber. 

0 

3.8 

6 

Fifth 

1 Middle fiber 
i Inner liber_ 

0 

0 

o 

2 

2 


0 


j Outer fiber.. 

0 

3 

4 

Sixth. . | 

| Middle fiber . 

0 1 

0 

2 


! Inner fiber...... _ 

o ! 

0 



j Outer liber.. . 

0 

0.8 

2 

Seventh 

| Middle fiber 

* i 

<> i 

0 

0 

0 

0 


|| inner liber. . -- 


r 1 Outer fiber. 

0 I 

0 

•> 

Eighth ...... 

1 Middle fiber 

0.8 

9 ' 

1 2 


. Inner fiber 

0 

ft 

0 


1 

1 u 


■ Outer fiber. _ 

0 

| 20 . V 

: 4 

Ninth... J 

1 Middle fiher_ 

0 

0 

, 0 ’ 


| Inner fiber__ 

0 

' 7. (i 

j 1 i 


J Outer fiber . . 

0 

1 0 

: i 

Tenth. 

I| Middle fiber.. 

« 

! 11.5 

12 


j 1 riner fiber . . 

1 

0 

! 7 . o 

i 

1 2 


| j Outer liber _ 

i o 

i 

1 o 

! 2 

Eleventh . . .. 

|l Middle fiber_ 

i 0 

; ^ 

1 


1 : Inner fiber .. . 

0 

1 0 

4 


[' Outer fiber_ 

' 0 

! 3 

12 

Twelfth .. .. 

j' Middle fiber_ 

0 

i 7. f> 

fi 


l j Inner fiber.. ... 

1 0 

1 0 

! - 


Relative 


and wrapping in the abaca leaves could be summed up as fol¬ 
lows : 

1. After two days it had developed a volatile acid odor that 
slowly disappeared on exposure to the air. The color of the 
well-cleaned fiber was almost unchanged, but the strippy parts 
showed a brownish yellow color that deepened on exposure to the 
light. The acid contents when titrated had increased three to 
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four times in amount over the part kept in reserve and promptly 
dried. The fiber was strong when first removed, but in three 
months it became so brittle and weak that a large part could be 
classed as damaged. 

2. This was kept six days covered by the waste when un- 
forseen conditions made its removal necessary. It was found to 
be of good color, only slightly increased in acidity, and in three 
months only a very small number of fibers showed weakness. 
The drying, although not complete, had evidently increased its 
resistance to a marked degree over the undried fiber. 

3. When removed, also after six days, this fiber had a good 
color, but the acid contents were doubled, and after three months 
a considerable number of fibers, especially the strippy grades, 
became weak and went down in color. 

THE EFFECT OF FERMENTATION ON WET WAREHOUSE FIBER 

A warehouse fire in Manila, in which many hundred bales of 
abaca, both U. S. and U. K. grades, were damaged, made possible 
the following test: The fire smoldered among the high piles of 
bales for nearly a week, necessitating flooding them until every¬ 
thing was soaked. The rattan bands of most of the bales were 
burned so that the bales fell apart, and while much of the sur¬ 
face fiber was burned or charred, most of the inside fiber re¬ 
mained untouched, except that it was water soaked. This fiber 
was removed from the warehouse by the hank, wet and cold, 
and thrown into piles outside. A pile some 4 meters high was 
selected and an iron pipe driven down near the center so the 
temperature could be taken daily. The temperature outside 
averaged about 28 C. although sun and rain changed this some¬ 
what. The temperature at the bottom of the pipe began to rise 
very soon, gained a little every day, and in one week registered 
67 0. After that it declined each day, at a slower rate. Un¬ 
fortunately, the pile had to be broken down at the end of two 
weeks. The changes in the acidity of the fermenting fiber 
were also noted, for tests of the fiber when it went to the pile 
showed it to be low in acidity probably on account of the dis¬ 
solving action of the water. After fermentation in the pile 
began in earnest the acidity continued to rise for a week 
when it was four to five times more than that at the beginning. 
After that it steadily decreased until the day before the pile was 
broken down when the fiber withdrawn reacted slightly alkaline. 
Needless to say most of this fiber after drying was perished, yet 
considerable was also found that was still strong to hand test- 
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ing, showing the resistance of certain fibers even to the worst 
possible conditions. 

This increase followed by decrease in acidity and finally the 
presence of alkalinity is perhaps explained by the well-known 
fact that ordinary mixed fermentation is acid in character, due 
to the breaking down first of the more easily decomposed car¬ 
bohydrates and other bodies that give acid products, but after 
these have been acted upon, the bacteria attack the nitrogenous 
matter and form products which ultimately react alkaline, and 
neutralize the acids first formed. 

THE EFFECT OF FERMENTATION ON THE WATER-SOLUBLE CONSTITUENTS OF 
lllOH- AND LOW-GRADE FIBER 

To throw additional light on the apparently complicated bac¬ 
terial action above described, experiments were tried on a small 
scale with the soluble constituents only, of several grades of 
fiber, to see if they also increased and decreased in acidity as 
fermentation progressed. 

Taber 10.— The total acidity of 10 prams of fiber of each grade, expressed 
in cubic centimeters of alkali used. 



i Sample 1 , 

1 Sample 2, 

Sample 2, 


AA grade. 

j L i grade. 

j d i grade. 


Cl'. 

i ' v - 


I Unfermentrd 

1.00 

<> 30 

0.50 

Firat day 

2.50 

0.00 

0. 50 

Second day 

2.2 6 

i 0.23 


i Third day 

1.50 

1 t 50 

1 00 

1 Fourth day 

i r>o 

5 50 

5 50 

Fifth day 

I 00 

5 00 

3. 00 

Sixth day. 



2.25 

Seventh day 

0 7i> 

a a0 

2.00 

| Eighth day 



2.00 

{ Ninth day . 

0 50 

5 25 

2 00 

! Fourteenth day 

0 10 

i 1.50 

1 1 ftO 


One hundred grams of each sample were cut into small pieces, 
and in suitable glass containers each was extracted with 2 liters 
of distilled water for three hours on the water bath. The solu¬ 
tions were then poured off, concentrated at low heat to 500 cubic 
centimeters, and after sterilization in a pressure autoclave for 
fifteen minutes at 15 pounds pressure w f ere inoculated with 
equal amounts of a culture of Bacillus lactis aero genes . Incuba¬ 
tion was made at 37 C. 

For determination of total acidity aliquot parts of the solu¬ 
tions were titrated with dccinormal sodium hydroxide, using 
phenolphthalein as indicator. The figures given in Table 10 
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represent the total acidity of 10 grams of the fiber of each grade 
expressed in cubic centimeters of alkali used. 

While the rise and fall in the total acidity of the water-soluble 
constituents of the fiber during fermentation appeared to take 
place in a manner quite similar to that noted in experiment B, 
the solutions always remained acid as long as the experiment 
continued, from which it may be inferred that the bacteria sub¬ 
sequently attacked the insoluble constituents of abaca after the 
soluble ones had been consumed and this secondary attack gave 
rise to alkaline products of fermentation. 

THE EFFECT OF FERMENTATION ON BALED FIBER 

For this purpose ten bales of recently received Bicol fiber, 
consisting of two bales each of grades F, I, J \ J and L lt were 
opened two by two, the contents thoroughly mixed and then 
divided again into piles of one bale each, each grade by itself. 
The moisture content of each bale was determined in the labora¬ 
tory and enough tap water was sprinkled on one pile of each 
grade to bring the moisture content up to approximately 20 per 
cent. The fiber was then all rebaled and stored together where 
the air circulated freely in a clean dry warehouse during the 
rainy months of July, August, and September. An iron pipe 
was so arranged in each bale during the bailing that the tem¬ 
perature in the center of each bale could be taken daily. It 
was found in the dry bales that no rise of temperature took place 
or at most one degree in three bales, yet this rise stayed constant 
in some bales for two weeks when it again became normal. The 
wet bales, especially the three lower grades, rose from 3 to 4 ’ 
C., and after continuing that way for a week gradually subsided 
to normal at the end of the first month. The heat of fermen¬ 
tation by that time probably only equalled the conductivity of 
the fiber itself as in the case of the dry bales. 

On reweighing, previous to inspection, it was found that the 
dry bales had gained, on an average, 5 kilograms, while the wet 
bales had lost 3.5 kilograms. The two bales of each grade were 
opened at the same time and again graded by the same expert 
that had selected the fiber in the beginning. Summarizing the 
results, the important changes that had taken place were the 
following: 

The odor of all dry bales was good—that of the wet bales in every 
ease musty or moldy and in the J 1 and L i bales was disagreeably sour also. 
The color of all dry bales was off slightly on yellow or down somewhat for 
the L i. The wet bales were off 12.5 to 25 per cent for the higher grades 
while the lower grades were much too badly off. 
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The tensile strength by hand testing showed F dry to be unchanged 
and I dry was still good, but the rest had all gone down, the worst one, 
L wet, being 80 per cent weak and the worst of the dry was J \ which 
was almost half weak. 

The microscopical examination of the fibers disclosed the fact 
that all, with the exception of the F bales and the I dry, were 
infected with active bacteria as well as fungi. 

In acidity the high grades, both wet and dry, had increased 
but little, while the lower grades had all increased—the wet ones 
more than the dry, the worst being L wet, which gained four 
and one-half times. 

THE EFFECT OF FERMENTATION ON THE TENSILE STRENGTH OF FIBER 

The fiber from two mature abaca plants was carefully mixed 
so as to be uniform; it was then divided into five portions, each 
being enough to fill a large Mason jar. One portion was air 
dried at once, while the rest were sterilized in a pressure au¬ 
toclave in the tightly closed Mason jar for fifteen minutes at 
15 pounds pressure. After cooling they were infected, one with 
B. lactis aerotjenns, and one with a spore-bearing air-borne va¬ 
riety of bacterium very prevalent in the abaca fields One of the 
two remaining full jars was dried at once, while the other was 
placed unopened in the incubator with the infected jars and all 
three were incubated for six days. 

After drying, examining, and testing at the end of six days 
the results recorded in Table 11 were obtained. 


Table 1 1.— Strength- and condition of fiber at the end of six days. 


Tensile 
Sample strength 
No. per gram 
me ter. 

; K ilos. 

1 49.36 

I 2 49.70 

| :t 48.91 

1 42.25 

i ft ; 88.82 


Color. 


j Regular for J 1 grade 


Regular for J i grade 
Slightly down 


i 

j Reddish brown; down to Le 

do... .. _ 


Remarks. 


I 

! 


The freshly stripped portion dried at. 
once. 

Portion sterili/.ed and then dried. 
Portion sterilized and ineubated, then j 

dried. , 

Portion infected with li. Jacti « atroyaus. j 
Portion infected with spore-bearing 1 
air-borne bacteria. 


The tensile strength of the first three samples is probably close 
enough to be within the limit of error of the experiment, while 
that of the fourth and the fifth is shown to be decidedly lowered. 
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PROGRESSIVE LOSS OF TENSILE STRENGTH CAUSED BY THE PRODUCTS OF 

FERMENTATION 

A small hank of perished L fiber was selected, which showed 
by chemical and microscopical examination that it had gone 
down in color and tensile strength through intensive bacterial 
action followed by mold action, and had an acidity some seven 
times that of normal fiber. It was extracted with warm dis¬ 
tilled water and the acid extract sterilized by boiling. A hank 
of excellent Samar E fiber was divided into two equal parts and 
one part was soaked in the above extract until the extract was 
all absorbed, after which the fiber was carefully dried at room 
temperature and hung up with the untreated half in a cool, dry 
place, where they were under the same conditions of storage. 
Each month these two half hanks were tested in a Louis Schop- 
per fiber tester for tensile strength. In less than four months 
the acid half hank had lost 17.5 per cent of its original strength 
and the normal half 5.4 per cent. In six months the acid hank 
was mostly perished and completely so in less than a year. In 
the same time the normal hank went down at only the normal 
rate or a little over 9 per cent. 

THE ACIDS OF FERMENTED AND UNFERMENTED FIBER 

Pending further investigation no definite statement can be 
made as to the exact role played by bacteria in the destruction 
of abacii fiber with its attendant loss of tensile strength, lower¬ 
ing of color, luster, etc. From the experiments so far made it 
appears likely that this deterioration may be ascribed to the 
direct attack of the bacteria on the water-soluble constituents of 
the fiber, giving rise to various acid products, which in turn 
act chemically on the insoluble parts, changing them further 
into bacterial food. 

In the preceding paper it was shown, in the examination of 
a large number of samples of abaca fibers from different dis¬ 
tricts that their tensile strength was apparently inversely pro¬ 
portional to their total free acid contents, measured against 
standard alkali. Many other facts also point to the important 
role played by the free acids found in both the fermented and 
the unfermented fibers and consequently much time has been 
given to their study, isolation, and purification. 


' Shorman and Sherman, this issue, 21-40. 
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SUMMARY 

Due to the custom of all abaca growers in the Philippines 
some 85 per cent of the semiannual plant growth is cut down 
in the harvesting of the fiber and allowed to ferment and decay 
underneath the growing, immature plants. 

The immediate locality where all the fiber is recovered and 
stripped is, therefore, a hot bed of bacterial infection, and all 
commercial fiber produced is heavily infected with bacteria. 

The bacterial flora found on all exposed parts of the growing 
plant as well as on the produced fiber is diversified, large, and 
active. 

The process of drying, which should immediately follow the 
stripping of the fiber, has for a direct result the practical sterili¬ 
zation of the fiber so long as it remains dry thereafter. 

Failure to dry the fresh fiber promptly and thoroughly, or 
wetting after once dried, results in fermentation, the immediate 
effects of which are the production of increased acidity, lowering 
of tensile strength, change of color, decrease of luster—in other 
words, all of the phenomena that characterize damaged and 
perished fiber. 

These damaging effects on the fiber appear to be caused by 
the acid fermentation products of its soluble constituents as well 
as by direct action of the bacteria on the fiber. 

238244- 6 




ILLUSTRATION 

Plate 1 


hank of hi^h-^rade Davao abaca partially wot while baled, showing 
change of color due to bacterial action and mold growth; a, heaviest 
bacterial action where liber was wettest; b, black-mold colonies; 
still dry, with original color. 









MERCURIC IODIDE IN THE TREATMENT OF EQUINE 
EPIZOOTIC LYMPHANGITIS 1 

By R. A. Kelser 

Major , Veterinary Corps, United States Army, and member of the United 
States Army Medical Department Research Board 
Manila 

ONE PLATE 

Epizootic lymphangitis is a chronic, infectious disease of 
horses and mules. Rarely the malady also occurs in man. It 
is caused by a type of yeast, Blastomyces fardminosus (Crypto¬ 
coccus fardminosus), and is characterized by a purulent in¬ 
flammation of the lymphatic vessels and regional lymph nodes 
of the subcutaneous tissues. 

Epizootic lymphangitis occurs in various parts of Europe, 
Asia, Africa, and South America. It does not at present exist 
in the United States. In the Philippine Islands the disease has 
long been a scourge of the equine population and, in so far 
as the military establishment is concerned, has proved to be 
one of the most troublesome conditions with which the Army 
veterinary service has had to contend. 

While an enormous amount of work has been done by various 
investigators with a view to finding a satisfactory treatment 
for epizootic lymphangitis, the results have been quite discourag¬ 
ing. Prompt and thorough surgical interference has given fair 
results. However, where the involvement is extensive, surgery 
is not always feasible and at best it results in considerable scar¬ 
ring which, obviously, is undesirable if it can possibly be avoided. 

Various chemical agents, such as bichloride of mercury, cop¬ 
per sulphate, phenol, mercury salicylate, iodide of potash, tartar 
emetic, atoxyl, salvarsan, etc., have been employed in the treat¬ 
ment of the disease. Reports on all of these chemicals are ex¬ 
ceedingly variable as regards results obtained. 

1 Published with permission of the Surgeon General, United States Army, 
who is not responsible for any opinion expressed or conclusions reached 
herein. 
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Several years ago the United States Army Medical Depart¬ 
ment Research Board conducted a rather long scries of experi¬ 
ments with a view to finding a satisfactory treatment for 
epizootic lymphangitis. This work involved the testing of 
mercurochrome, gentian violet, various colloidal-silver prepara¬ 
tions, gray oil, salvarsan, tartar emetic, potassium iodide, sodium 
iodide, etc. In some instances we appeared to get results while 
in others, with the same treatment, failures occurred. It was 
finally concluded that nothing we had worked with was as satis¬ 
factory as prompt and thorough surgical treatment, so the pro¬ 
ject was dropped. 

In October, 1926, NainsoutaO) published a report in which 
he indicated that red iodide of mercury, when administered in¬ 
travenously, was highly effective in the treatment of epizootic 
lymphangitis. As a matter of fact he considered that chemical 
specific for the treatment of the disease. In view of this report 
we decided to revive our lymphangitis project and test the ac¬ 
tion of mercuric iodide on some of our cases of epizootic lym¬ 
phangitis among Army horses. 

In the beginning Nainsouta administered the drug in doses of 
0.20 gram twice a week for five weeks. In grave cases he re¬ 
commended doses of 0.50 gram. He employed 50 cubic centime¬ 
ters of distilled water for the suspension of each dose of the 
chemical. 

In our work we have found that daily intravenous doses of 
red iodide of mercury, suspended in 60 cubic centimeters of 
sterile distilled water, can be safely administered over a period 
of from seven to ten days. Further, after a lapse of two or 
three weeks this course of treatment can, if necessary, be re¬ 
peated without untoward results. 

In preparing and administering the chemical we have carried 
out the following procedure: The 0.50-gram dose of mercuric 
iodide is very carefully weighed and placed in a sterile Erlen- 
meyer flask containing 60 cubic centimeters of sterile distilled 
water. The flask is then shaken vigorously in order to make 
as fine a suspension of the chemical as possible. Before the 
drug has a chance to settle the mixture is poured into a Luer 
type, glass syringe and promptly injected into the jugular vein. 
Leaving the needle in the vein, the flask and the syringe are 
quickly washed with about 30 cubic centimeters of sterile physi¬ 
ological saline solution and this is injected, so that the animal 
gets the full dose of the iodide of mercury. 
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Great care must be exercised to absolutely insure that none 
of the chemical is injected into the vessel wall or surrounding 
tissues. A sterile needle that has not come in contact with the 
mercuric iodide suspension should be inserted into the jugular 
vein and a good, steady flow of blood noted before the syringe 
is attached for the injection. If in the meantime the mercury 
has settled in the syringe a little shaking just before attaching 
the syringe to the needle is desirable. 

In treating cases of epizootic lymphangitis it has been our 
practice to make a small incision in any soft nodules present, 
evacuate the pus, and then give the animal daily intravenous 
injections of the red iodide of mercury prepared as above de¬ 
scribed. In the case of average-weight and heavy horses ten 
daily injections can be safely given. Series of seven daily in¬ 
jections will ordinarily suffice for smaller horses unless the in¬ 
volvement is extensive in which case the ten injections can be 
given. The dose for Philippine ponies should not exceed 0.30 
gram. 

It is desired to emphasize 4 the point that a second series of 
injections of mercuric iodide should not be commenced until at 
least two weeks after the completion of the first series. 

To the present time nineteen cases of epizootic lymphangitis 
have been treated by this method and the results have been 
highly satisfactory. 

After the first few doses of the drug the smaller nodules 
start to diminish in size and gradually disappear. The larger 
nodes usually proceed to suppuration, and as soon as they are 
soft they should be opened. The pus from lesions in animals 
receiving the mercury treatment soon assumes an entirely dif¬ 
ferent character from that of the untreated case. In the place 
of the very thick, creamy pus, the discharge from cases well 
along on the course of mercury treatment usually consists of 
a fairly fluid, serum-colored material containing small accumu¬ 
lations of pus in the form of white flocculi. 

In our experience the course of treatment, in the average case, 
has extended over a period of not more than two months. In 
mild cases with minor involvement one course of seven to ten 
daily doses of the mercuric iodide will usually suffice. With 
the average case of moderate severity and involvement two cours¬ 
es of the drug with two or three weeks between courses are 
advisable. In severe cases with extensive involvement a third 
course may be necessary. 
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One should not fail to open nodes containing pus, especially 
the larger ones. This practice certainly aids in reducing the 
period over which the animal must be treated. A very small in¬ 
cision with a bistoury will prove satisfactory and will not be apt 
to result in a detectable scar. 

The results we have obtained with this treatment are nicely 
illustrated by our case 7, a horse suffering from a moderately 
severe case of epizootic lymphangitis. Plate 1 is from a pho¬ 
tograph of the involved region of this animal just before we 
commenced the mercury treatment. The prominent nodes were 
incised, the pus evacuated, and daily intravenous injections of 
0.50 gram of the mercuric iodide in 60 cubic centimeters of 
distilled water given over a period of ten days. After a period 
of tw T o weeks a second course of ten injections was given. The 
animal started to improve after the fifth or sixth dose of the 
drug, and progress was continuous up to the end of the second 
course of treatment when the animal was about normal. How¬ 
ever, he was kept under observation for tw r o weeks more, and 
w r hile probably unnecessary he was given four more daily doses 
of the mercuric iodide before being sent to w T ork. Treatment 
of this horse started on September 1, 1927, and he was dis¬ 
charged as cured on October 23, 1927. To the present time there 
has been no recurrence of the condition. 

Lately w r e have employed an equal part (0.50 gram) of po¬ 
tassium iodide with the mercuric iodide and reduced the amount 
of water used to 30 cubic centimeters. This gives a solution 
of the double iodide of mercury and potassium and is more 
readily administered than the suspension of mercuric iodide 
alone. This mixture has not been employed over a sufficient 
period to determine whether or not it is as satisfactory as the 
mercuric iodide alone. In previous w r ork we have noted that 
some horses are rather sensitive to potassium iodide w'hen given 
intravenously, so in some instances it may be desireable to omit 
the potassium iodide. 

T wish to acknowledge my indebtedness to Lieut. Col. Hurt 
English, department veterinarian, Philippine Department, and 
to Maj. D. B. Leininger, station veterinarian. Fort William 
McKinley, for their aid in carrying out this work. 
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NOTES ON PLASMOQUINE (PLASMOCHIN) 1 

By C. M. Hasselmann and Margarkte Hasselmann-Kaiilert 
Of Manila, Philippine Island* 

ONE TEXT FIGURE 

In 1640, Juan del Vego, attending physician to the Countess 
Anna del Cinchon, took the bark of Cinchona species from 
Ecuador to Europe. The derivation of the word quinine is 
still under discussion. Probably, this expression does not come 
from the name of the countess but from the word knia,(l) which 
means “bark” in the language of the old Peruvians. The du¬ 
plication would signify, as in all primitive languages, only “of 
special importance;” as, for example, in the case of tse-tse, 
where tse in the language of the Zulu-Kafirs means “fly,” and 
tse-tse , therefore, means a very important and dangerous fly. 

Many attempts have been made to replace this febrifuge by 
other drugs. In 1820 Pelletien and Caventon isolated quinine 
from the bark. Quinine synthesis has been attempted many 
times since 1856 when Perkin, still thinking that quinine had 
two quinoline rings, succeeded in producing mauvein, the first 
coal-tar dye. 

It has long been known that quinine acts only upon the ma¬ 
larial schizonts; the sexual forms, especially the crescents in 
subtertian infection, are not destroyed. Thirty years ago 
Marchiafava and Bignami(2) said: 

The salts of quinine, even when given in doses as large as 2 grams a day, 
do not perceptibly affect the crescent forms of these parasites. Quinine 

1 Plasmoquine was first brought to the Philippines in December, 1926, 
by one of the authors (C. M. II.) and given to private patients, for both 
treatment and prophylaxis. These trials were again taken up when, dur¬ 
ing the summer of 1927, the then representative of the Bayer firm fur¬ 
nished a greater supply of the drug. Through the kindness of Dr. Jacobo 
Fajardo, director of the Philippine Health Service, and Dr. C. Gavino, 
director of San Lazaro Hospital, a greater number of malaria cases were 
treated with plasmoquine in addition to our private patients. Dr. C. Poli- 
earpio, Dr. J. Salta, and Dr. B. Barrera, all resident physicians of the 
hospital, gave us valuable cooperation. To all these we wish to express 
our sincerest thanks. 
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acts upon the malaria parasites in that phase of their life in which they 
are nourished and develop. When the nutritive activities cease by an 
arrest of the transformation of the hemoglobin into black pigment, and 
the reproductive phase begins, then quinine is ineffectual in its action. 

With the development of organic chemistry new hope arose 
of synthetically building up specific remedies against malaria. 
All of these, however, that were claimed to be specifics, even if 
they had apparent antimalaric effect, proved to be far inferior 
to quinine and its derivatives. Only salvarsan, in certain cases 
of benign tertian infection and at the same time as a blood 
rcstituent, and methylene blue, in quartan fever, have been of 
value. 

In 1007 Rabe(«>) described the chemical constitution of the 
quinine molecule as consisting of one chinoline ring connected 
by a secondary alcoholic group with the so-called “loipon” por¬ 
tion; that is. the piperidine ring with two intermediate CH 2 
radicals: 
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GiemsaO) examined the therapeutic effects of many dcri- 
vatos. He found that only hydroquinin and quincthylin are 
superior to quinine and that any change in the bridge-carbon 
molecule necessarily lessens the antimalaric clfcct. 

At the Tagung Deutschcr Naturforscher und Acrzte, in Dues- 
seldorf, September 22, 1926, the first announcement was made 
concerning “Plasmochin.” 

Schulemann, Schoenhoefer, Wingler, and HoerleinO>) succeed¬ 
ed in preparing a chemical compound which they claim to be an 
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M-diethyl-amino-isopcntyl-8-amino-6-methoxyquinolin, thus dif¬ 
fering from quinine principally by lack of the “loipon” portion. 

Some confusion has been created by calling this compound 
variously “beprochin,” later on, “plasmochin,” and now in 
English-speaking countries, “plasmoquine.” 

Roehl(S) found that this drug gave highly satisfactory results 
in canary birds infected with Protensoma praecox. He adminis¬ 
tered 1 cubic centimeter of the solution for each 20 grams body 
weight and found the highest strength of quinine tolerated 
1: 200, the lowest effective 1: 800; that is, the so-called chemo¬ 
therapeutic index is 1 : 4. Roehl claimed to have found plas¬ 
moquine sixty times as effective as quinine with an index of 


about 


1:1500 
1:50000 


or 1 : 30. 


Sioli(6,6) experimented with the new antimalaric in forty 
cases of general paralysis therapeutically infected with tertian 
malaria. He showed that often with doses of 0.25 gram intoxi¬ 
cations may occur; 0.15 gram daily was considered the upper 
limit. Sioli observed in one case? after a total dosage of 0.0 
gram in the course of eight days hepatic pain and cyanosis but 
without formation of methsemoglobin either in the blood or in 
the urine. Recovery was rapid, but the skin did not regain its 
natural color until three weeks later. 

Muehlens(5,7,8,9) treated one hundred seventy-two cases of 
naturally acquired human malaria with plasmoquine. These 
cases consisted not of first fevers but were all acute relapses or 
chronic cases. Muehlens notes that they had been treated un¬ 
der very favourable general conditions; that is, in a temperate 
climate (Hamburg), with sufficient food and rest in bed. 

In benign tertian and quartan malaria this author found 
daily doses of from 0.05 to 0.1 gram, in a few cases even up 
to 0.15 gram, effective and stated that after the second or the 
third day of medication defervescence occurred and that para¬ 
sites disappeared from the peripheral blood in five to seven days. 
He observed fewer relapses than after quinine treatment. Side 
reactions such as cyanosis of lingers, toes, lips, and face, and 
spasmodic gastralgia occurred now and then, the latter espe¬ 
cially when plasmoquine was given on an empty stomach or in 
large individual doses of 0.05 gram. On the other hand none 
of the usual side effects after quinine medication such as bitter 
taste, deafness, tinnitus aureum, or dizziness was experienced. 
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In tertian and quartan infections plasmoquine is about as 
effective as quinine on both schizonts and gametocytes. How¬ 
ever, Muehlens found in the treatment of iestivo-autumnal ma¬ 
laria that pure plasmoquine is not so efficient; he observed 
more relapses owing to its insufficient effect upon the subter¬ 
tian schizonts. To prevent relapses quinine was added and the 
combination called “plasmoquine compound,” which is now man¬ 
ufactured in tablets each containing 0.01 gram plasmoquine and 
0.125 gram quinine sulphate. Formerly it had been manufac¬ 
tured in smaller tablets of 0.005 gram plasmoquine and 0.0625 
gram quinine sulphate, which had been used for our experiment. 

Muehlens states that— 

“For the first time wo have found a medicament which causes the cres¬ 
cents to disappear within *1 to 7 days with the certainty of an experiment.” 
He furthermore adds “that in acute infections of aestivo-autumnal malaria 
with many schizonts (ring's -f 4* f) and without gametes, plasmoquine 
treatment, immediately begun, nearly always prevented the formation of 
crescents/' 

The largest amount of plasmoquine he gave was 3.25 grams 
in sixty-eight days. He states that in none of his cases could 
gametocytes be found longer than seven days. 

Muehlens’s most interesting observation was the successful 
treatment of two cases of blackwater fever and of one case 
with petechia? and ecchymosis in the skin and mucous mem¬ 
branes. The three cases were promptly cured by plasmoquine. 

In a few cases he observed that crescents appeared, even 
after schizonts had disappeared, but these crescents disappeared 
very soon. In only one case the crescents, which appeared on 
the eighth day after the beginning of treatment and which had 
been discontinued just the day before, remained for a further 
seven days in the peripheral blood. 

Muehlens reports that he observed no relapses among four 
cases of quartan infection, three relapses among forty benign 
tertian infections, and thirty-four relapses among forty-nine 
subtertian infections, after the administration of pure plasmo¬ 
quine. He reports only four relapses in subtertian infection 
after plasmoquine-compound treatment and no failures in the 
tertian type. No severe symptoms of intoxication, even alter 
daily dosage of 0.18 gram, were observed. Children and even 
babies tolerated the drug well. 

Fischer(8) reports a prophylactic test with a ship's crew on 
the west coast of Africa. Thirty-nine members of the crew 
took, on three successive days of the week, 0.095 gram plasmo- 
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quine. Ho claims to have observed a morbidity of only 20 per 
cent for malaria compared with 25 to 20 per cent on other 
ships with quinine prophylaxis, 1 gram twice a week. Fischer 
means that the course of the disease was less severe, but he 
gave not only 0.055 gram plasmoquine and 0.5 gram quinine 
intramuscularly but later even quinine orally. For treatment 
Fischer thinks that plasmoquine was more willingly taken by 
the crew because it does not have the ill-effects of quinine. 

In Talavera de la Reina, Spain, Roehl(«) treated successfully 
three tertian cases with pure plasmoquine, and three subter¬ 
tian infections, but the latter remained all positive 1 for parasites 
in the peripheral blood. 

Schulemann and MemmilS, 10 , in treated over one hundred 
cases in Grosseto Hospital, Italy. Dosage: Three times 0.02 
gram plasmoquine for seven days; four days interval; three 
times 0.02 gram plasmoquine, for three days; four days inter¬ 
val and so on for six weeks, if possible. Out of twenty-four 
tertian infections only one relapsed; four quartan infections, 
no relapse; insufficient effect on subtertian infections. With 
plasmoquine compound, three times 0.02 gram plasmoquine and 
0.25 gram quinine daily, sixtv-three cases of subtertian were 
treated. No parasites were found after the eighth day of medi¬ 
cation. Thirteen cases relapsed during or after the intervals 
and between the medication days. 

The authors mention the very interesting fact that changing 
from one medicament, be it plasmoquine or quinine, to the other, 
seems to act sometimes as a provocative, being followed by the 
appearance of parasites or fever. Two cases of blackwater 
fever were also cured with plasmoquine. 

Side effects seldom occurred. Twice considerable cyanosis, 
once after three times 0.02 gram plasmoquine, the other after 
three times plasmoquine compound (0.02 plus 0.25), frequently 
slight livid bluish lips. Several times arrhythmia was ob¬ 
served. The authors mention especially having observed a 
marked lymphocytosis, in some cases up to 50 per cent. Gastral- 
gia was rarely observed when plasmoquine was given on an 
empty stomach. Most of the complaints were psychotic, and 
“we frequently saw that this complaining of pains spread as 
an epidemic over one ward, while the other ward remained 
completely immune!” 

Vomiting never occurred after plasmoquine and only twice 
after plasmoquine compound but stopped after continued me¬ 
dication of pure plasmoquine, therefore having been caused only 
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through quinine idiosyncrasy. The authors furthermore note 
and describe degeneration forms of adult parasites under plas- 
moquine treatment, as likewise occurs with quinine, but they 
observed such forms only in tertian infection. These forms 
show a complete, dark blue protoplasm with drop-shaped rami¬ 
fications, partly cut off. 

Mihajlo M. Radojicic(S) treated forty-nine cases of malaria 
in Skoplje, Jugoslavia, with pure plasmoquine. Nineteen cases 
were promptly cured after daily doses of 0.06 to 0.08 gram plas¬ 
moquine. “The parasites disappeared from the peripheral 
blood in 1 to 2 days and didn't reappear during further plas¬ 
moquine treatment." Seven cases of acute first subtertian fe¬ 
vers without crescents all remained free from gametocytes. 
Daily dose: Five times 0.02 gram plasmoquine. There were two 
relapses, one on the twentieth day after the beginning of 
treatment. 

Ten cases had schizonts and crescents in the peripheral blood 
at the beginning of treatment. The author states that in these 
occurred “relapses much more frequently." Thirteen cases with 
only crescents gave the best results, the gametocytes all dis¬ 
appearing after five days. Gastralgia was never observed, 
cyanosis in only three cases. 

A. Djokic and D. Stambuk(8) in Bitoly, Jugoslavia, treated 
one hundred two cases with plasmoquine. Generally 0.08 gram 
plasmoquine was given, the highest dose was 0.14 gram daily. 
In a very careful manner the authors divided the patients into 
several groups and gave them different combinations. 

Gastralgia was seldom observed but cyanosis frequently. 
One case showed amaurosis, but this did not reappear when 
some days later plasmoquine again was given. Some state¬ 
ments might be quoted: 

Plasmoquine acted promptly ujion tertian parasites (schizonts and 
gametocytes). Temperature dropped, splenomegaly was reduced, and the 
general condition improved rapidly. * * * We could not observe that 

in tertian infection plasmoquine reacts better upon new infections than 
upon relapses, nor is there any difference in its action on the sexual or 
asexual forms. Both forms are affected equally well and quickly. 

In their cases the earliest time for the disappearance of para¬ 
sites was one day and the longest five days. The authors con¬ 
clude that in tertian infection pure plasmoquine may well 
replace quinine and is even superior to quinine in the quartan 
type. In subtertian infection the authors confirm Muehlens’s 
observations of the insufficient effect of pure plasmoquine on 
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smal 1 rings, but the absolutely certain destruction of crescents, 
ana the good effect of combined plasmoquine and quinine ad¬ 
ministration on both types. They also note that, especially on 
small rings, plasmoquine has somewhat of a provocative action, 
as already mentioned by Schulemann and Memmi. 

Finally Djokic and Stambuk again direct attention to the 
outlook from an epidemiological standpoint in so far as “plas- 
moquinization” cuts the vicious circle of malarial transmission 
in crescent carriers. 

G. Polychroniadcs(8) treated one hundred eighty-eight cases 
in Saloniki. Four tertian, two quartan, and thirty-eight subter¬ 
tian cases were given plasmoquine, three times 0.02 gram daily. 
There were nineteen relapses in the subtertian form with nine 
cases showing persistently small rings. All tertian and quar¬ 
tan infections were cured. Eight cases showed cyanosis and 
eight gastralgia. Three quartan and one hundred thirty-nine 
subtertian cases were given plasmoquine compound (0.02 plas¬ 
moquine and 0.25 quinine) three 1 times daily. In all cases the 
gametocytes disappeared rapidly between the second and the 
eighth day after treatment began. Small rings, however, dis¬ 
appeared between the second and the tenth day, but reappeared 
in fifteen cases, between the seventh and the twenty-third day. 
Twenty-two cases had abdominal pains, two showed cyanosis. 

The 1 author reports three blackwater cases cured by plasmo¬ 
quine. The first, tertian infection, showed hemoglobinuria 
with fever. After three days treatment (0.00 gram daily) 
parasites disappeared and the urine became normal without 
haemoglobin (reaction of Holland and Mayer). The tempera¬ 
ture 1 fell to normal on the sixth day. On the fourteenth, rings 
appeared again without either rise of temperature or ha?mo- 
globinuria. Then plasmoquine 1 compound was given. The para¬ 
sites disappeared again but reappeared on the twenty-second 
day. Then 1 gram bichloride of quinine was given by mouth 
with the effect that the urine again became black for twenty- 
four hours. After one day interval plasmoquine compound was 
given for three 1 days, this was repeated after live days interval. 
Parasites as well as hemoglobinuria disappeared. Later 
quinine was again tried in increasing doses and tolerated up to 
0.75 gram. 

The second case had only fever which persisted for fifteen 
days. Hiemoglobinuria disappeared after twenty-four hours. 
On the twenty-first day tertian rings were found in the pe- 

2W1M4- - c 



82 


The Philippine Journal of Science 


1928 


riphcral blood without fever. After administration of plasmo- 
quine compound the parasites disappeared finally and no 
hemoglobinuria occurred. 

The third case (type not mentioned) had neither fever nor 
parasites in the peripheral blood. Only symptomatic treat¬ 
ment was given and hicmoglobinuria disappeared after twenty- 
four hours. On the eleventh day rings (type not mentioned) 
appeared, but without rise of temperature. After adminis¬ 
tration of plasmoquine compound the parasites disappeared 
rapidly and no hemoglobinuria occurred. The author concludes: 

Notwithstanding minor side-effects, unimportant, like cyanosis of lips 
and nails, gastralgia, but not frequently (2,T per cent), there is no con¬ 
traindication to plasmoquine, and this includes even luemoglobinuria and 
pregnancy. On the contrary according to our experiences, in certain of 
such cases it is quinine that would be contraindicated. 

M. Sliwensky(K) treated in Burgas, Bulgaria, two hundred 
twenty-five cases of malaria in the hospital and fifty-nine ambu¬ 
lant. The author reports the usual good effect in the tertian 
and quartan types. Of eight quartan infections there was no 
relapse; among twenty-six tertian hospital cases one relapsed 
forty days after treatment with two times 0.04 gram plasmo¬ 
quine for only five days; a second case relapsed after sixteen 
days, he had received the same dose (two times 0.01 gram plas¬ 
moquine) for seventeen days. This was obviously an inef¬ 
ficiently low dosage. 

A third relapse occurred after twenty-one days in a patient 
who received plasmoquine compound (0.03 gram plasmoquine 
and 0.375 gram quinine sulphate) two times daily for eleven 
days. Among the eighteen ambulant tertian infections only one 
relapse was observed after eighty days; the dosage had been two 
times 0.02 gram plasmoquine for eight days. 

Among one hundred twenty-five subtertian cases that were 
given plasmoquine compound (0.03 gram plasmoquine and 
0.375 gram quinine sulphate) twice a day for five to twelve 
days, thirty-eight relapses occurred. 

lr» only a very few cases could crescents be found after eight days. In 
only one case after a sea-bath and during plasmoquine treatment could we 
observe a few crescents on the seventeenth day. 

As a whole, plasmoquine compound w T as found by the author 
much superior to pure quinine medication on account of its cer¬ 
tain effect on crescents. 
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Two cases of quinine idiosyncrasy with epistaxis and one 
case of blackwater fever tolerated plasmoquine well and were 
cured. The blackwater patient, female, 40 years old, with sub¬ 
tertian infection for about two months, had taken quinine. Af¬ 
ter 0.4 gram quinine a very severe attack of blackwater fever 
occurred with icterus, vomiting, coma, urine dark reddish brown. 
Under symptomatic treatment and plasmoquine, beginning with 
twice 0.01 to 0.05 gram, the patient improved quickly and toler¬ 
ated quinine later on. 

The author directs attention to two facts; namely, that babies, 

3 to 14 months old, tolerate plasmoquine very well even in doses 
five times as large as adults, and, second, that even enormous 
enlargements of the spleen decrease very rapidly. 

Cyanosis and gastralgia were only occasionally observed. 

S. Manaloff-Sliven(J2) reports ten cases from Bulgaria. One 
tertian case received six tablets of plasmoquine compound (six 
times 0.02 gram plasmoquine and 0.1 gram quinine sulphate) 
daily and became negative for parasites after four days. 

Two patients with quartan infections had taken quinine for 
a longer period but still showed larger numbers of parasites. 
Both became negative for parasites on the fourth day; daily 
dosage 0.08 and 0.1 gram plasmoquine, respectively. 

Each of sevcm patients with subtertian infections was given 
0.00 gram plasmoquine. The author does not state why he 
treated tertian infections with plasmoquine compound and <es- 
tivo-autumnal infections with pure plasmoquine; it is no wonder 
that in these seven cases no sufficient action was observed and, 
besides, four relapses were noted. Cyanosis occurred only in 
one case. 

M. Sliwensky,(l3) in Sofia, Bulgaria, reports a very instructive 
observation which he calls: “Plasmoquine for controlling gam- 
etocyt.es from an epidemiological standpoint. (Der Gameten- 
versuch mit Plasmochin in epidemiologischer Betrachtung.) ” 

In a distant village, Vajakeny, eighty-one carriers of game- 
tocytcs were treated and received 0.075 to 0.08 gram plasmo¬ 
quine daily in one dose after dinner. He was able to treat 
sixty-four of the eighty-one for six days. Blood films were 
taken one day after treatment was finished, fifty days later 
and, for the third time, after four months. 

All carriers who showed at the beginning only gametocytes 
(tertian 3, subtertian 18) remained free after four months. 
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Relapses after fifty days: Six of sixteen carriers with subter¬ 
tian schizonts and gametocytes, two of twenty-two who had 
shown before only schizonts, one of two with tertian schizonts 
and gametocytes, and one relapse after four months in a pa¬ 
tient with double infection (tertian and subtertian). 

Cyanosis or gastralgia was never observed although the 
whole, comparatively high, dose of plasmoquine was adminis¬ 
tered at once. 

The author concludes: 

0.00125 gram plasmoquine per kilogram of body weight, in the form of 
plasmoquine compound for live to six days, is able to free the peripheral 
blood of crescent carriers of the three types for at least four months. Es¬ 
pecially in countries with marked so-called “seasonal-malaria,’’ this fact 
should be made use of as a most efficient and economic measure. It is 
possible to give at once the whole daily dose of 0.06-0.08 gram plasmo¬ 
quine without any ill effect. 

Hacrmann and Smits(M) stated that in their experiments 
with eleven tertian and one quartan case there were the usual 
good effects of plasmoquine (four times 0.02 gram) ; no relapses 
in eighty days. With plasmoquine compound, however, one of 
three tertian cases relapsed in fifty days. 

The authors even gave pure plasmoquine to nine subtertian 
infections, and it is no wonder they had five relapses. It is 
notable in this experiment that among seven cases without 
crescents even under plasmoquine treatment crescents appeared 
in four cases. Furthermore, eight relapses were treated with 
plasmoquine compound (0.01 gram plasmoquine and 0.125 gram 
quinine sulphate four times a day). Six remained free, while 
in the blood of one case? after fourteen days treatment schizonts 
as well as crescents remained demonstrable. The other case 
died. 

Weight 48.1 kilograms, hemoglobin 70, pulse 68. Spleen one finger 
breadth, no albumin, one subtertian ring in four fields. Treatment, plasmo- 
<‘hin 0.02 gram, four times daily. On the third day he had some cyanosis, 
became unconscious, temperature 30.2" O. (102.55° F.), leucocytes 16,000, 
albumin without casts. lie was given quinine intravenously and intramus¬ 
cularly with disappearance of parasites from the circulation, but he died 
next day with a rapid fall of temperature and with a crescent in the blood. 
N T o malaria parasites wen? found except some crescents in the spleen. The 
liver showed patchy, fresh, and very silght necrosis. 
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Plehn(l5) reports a quinine-resistant strain of sestivo-autum- 
nal type in the case of a sailor who was infected in Karachi. 
This man received large doses of different medicaments, including 
“beprochin,” and still developed schizonts as well as gametocytcs 
but finally was cured. 

In various hospitals of the United Fruit Company(16) in 
Central America one hundred ninety-four cases of malaria 
were likewise treated with plasmoquine and plasmoquine com¬ 
pound. Cortes from Preston, Cuba, Brosius from Almirante, 
Panama, Macphail from Quirigua, Guatemala, and Nutter from 
Tela, Honduras, agree with Muehlens in their favorable re¬ 
ports; but Whitaker, who had only pure plasmoquine without 
quinine, reports from the same hospital in Tela that, besides 
the well-known insufficient effect of pure plasmoquine in a?s- 
tivo-autumnal infection, oven three cases of tertian and one of 
quartan infection after 0.08 to 0.1 gram for four to six days 
remained positive for parasites, although the fever was con¬ 
trolled just as well as with quinine. One death occurred in 
Preston, and the report is quoted in full on account of its 
importance. 

The patient was a male negro, 35 years of age. lie was admitted 
suffering from a save*re attack of aestivo-autumnal malaria and was 
treated with the new drug, plasmoehin compound. On the 4th day of 
his treatment, after the fever had disappeared and the blood film was 
negative for malarial parasites, he developed a profound anaemia, leucu- 
cytosis, jaundice, nausea (vomiting), and somnolence. The urine was ne¬ 
gative. for haemoglobinuria. lie died within 4H hours after the onset of 
this sudden attack. The* toxic influence of plasmochin compound was sus¬ 
pected to have played an important role in the cause of death. 

Microscopic Examinations by Dr. F. P>. Mallory (U. F. A. 75) 

H ea rt .—N e gat i ve. 

Spleen .—Numerous lymphocytes and plasma cedis in the pulp; many 
endothelial leucocytes in the blood sinuses containing red blood corpuscles, 
often in great numbers (10 to 20 and more). Malarial pigment occurred 
occasionally in the red blood corpuscles both free and in phagocytes. 

Liver .—Endothelial cells lining sinusoids were prominent, occasionally 
phagocytic, and some contained pigment. Some of the liver cells in the 
centers of the lobules contained vacuoles in which were dots and occasion¬ 
ally threads of fibrin (hydropic degeneration). Rarely a liver cell was 
necrotic and was being invaded by endothelial leucocytes. There was 
slight lymphatic infiltration of periportal connective tissue. 

Kidney .-^-Moderate oedema of the tubules. 

Cere brum .—N egative. 
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Microscopic. Diagnoses 
Malarial infection of the spleen. 

Marked phagocytosis of red blood corpuscles in the spleen. 
Early stage of central necrosis of the liver. 


Remarks 

It is unfortunate that no bone marrow was included with the other 
tissues. The anaemia may have been due to destruction of red blood cor¬ 
puscles by the malarial infection. The phagocytosis in the spleen would 
seem to indicate this. The beginning necrosis of the liver cells is probably 
due to the toxic action of the plasmoehin, but it is not nearly so active as 
chloroform or carbon tetrachloride. Possibly plasmoehin has a destructive 
effect, on the red blood corpuscles. 

The other patient in Preston hospital developed mild symp¬ 
toms of jaundice and decrease of haemoglobin under a daily 
dose of 1 gram quinine and 0.08 gram plasmoquine (that is, 
16 tablets) but recovered. 

Observation of side effects, such as cyanosis, nausea, and 
abdominal pains, differs widely in the different hospitals and 
might partly depend on the individuality of the observers. In 
this respect we refer to Mermni and Sehulemann’s description 
of the epidemic spreading of complaints over a ward. Whereas 
in Tela Hospital eleven of fifty-four patients under pure plas¬ 
moquine treatment showed cyanosis or epigastric pains and 
two of twenty-eight under plasmoquine compound treatment 
felt “slight nausea,” only four of one hundred eleven patients 
from the three other hospitals had any complaint at all. Be¬ 
sides, Whitaker from Tela Railroad Hospital observed these ill 
effects only after administration of 0.1 gram and adds that 
after reduction to 0.08 gram plasmoquine “these results were 
infrequent.” 

One case with malarial infection and insufficient quinine 
treatment may be quoted. This, under 0.06 gram plasmoquine 
and 0.75 gram quinine daily, develop icterus and slight he¬ 
moglobinuria on the fifth day, but they disappeared after 
twenty-four hours without interruption of the medication. In 
general the experience in the four hospitals of the United 
Fruit Company confirms to a large degree the statements of 
Muehlens concerning clinical symptoms and parasiticidal ac¬ 
tion. The reports note especially rapid reduction in size of 
the spleen after administration of either plasmoquine or plas¬ 
moquine compound and indicate a very important field of use¬ 
fulness in pregnancy, even in its late stage where no such 
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uterine contractions occurred after plasmoquine compound as 
are observed frequently under pure quinine medication.* 

Philip Manson-Bahr(l7,18) reports twenty-eight cases. He 
confirms the good effect of plasmoquine in ten tertian cases 
and the well-known insufficient effect in the subtertian type. 
His results with plasmoquine compound were satisfactory in 
five cases of aestivo-autumnal type and even in five cases of 
benign tertian. He observed several toxic side effects, three 
cases showed methemoglobinuria (in two of them the chocolate- 
brown blood contained methemoglobin) within twenty-four 
hours of the “cyanosis” after 0.4 gram plasmoquine. The daily 
dosage was 0.12 gram. These two patients had a typical hae- 
molitic icterus. Manson-Bahr says: “The attack resembled a 
mild blackwater-fever which ran a favorable course.” 

Chercfcddin(l9) reports from Gureba-Institute, Constantino¬ 
ple, three cases of subtertian infection which were cured by 
pure plasmoquine. He is the only author who claims pure plas¬ 
moquine superior to quinine against subtertian sehizonts. He 
says: “The action of plasmoquine upon the rings of aestivo- 
autumnal type is stronger than that of quinine; it acts certain 
and well on subtertian gametocytcs.” 

Eiselsberg(20) reports a poisoning on the fifth day of plas¬ 
moquine medication. The daily dose was far under the permit¬ 
ted dose of 0.15 gram, the total dosage was 0.2 gram. The 
patient had no malaria but a very chronic pempigus conjunc¬ 
tiva 1 . He became— 

Uy that time (2nd December) yellow, weak with much epigastric pain 
and, after the last pill, vomited and lost consciousness. His tempera- 

: After this paper had been finished (January, 1028), the lflth Annual 
Report of the United Fruit Company (1927) had been published, which 
confirms as a whole the very satisfying experience with plasmoquine as 
published in the 15th Annual Report. It. seems, however, that the phy¬ 
sicians of the company observed occasionally some toxic side effects, which 
made them decrease the amount of plasmoquine to 0.04 gram in combi¬ 
nation with from 1 to .*! grams quinine daily. We consider this amount of 
plasmoquine too small, and we think that such heroic doses of quinine are 
in excess and that they give no better results than smaller doses, which in 
acute cases with alarming symptoms may he given intramuscularly. 

An outstanding observation was made by Barber and Komp. They 
found that small doses of plasmoquine may so cripple gametoeytes that 
they are rendered incapahle of forming healthy oocysts. By this toxic 
action upon the crescents, mosquitoes feeding on these inviduals do not 
become infected. Decks says: “This observation is exceedingly important, 
and if it is confirmed, plasmoquine must be considered of paramount 
importance in malaria control.’’ 
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ture was 39.G (103.3) and the urine deep brown. He came under tho 
care of Eiselsberg next day. He was still vomiting but not bringing up 
blood. Urine dark brown with brown sediment and giving guaiacum test, 
even when diluted 300 times; much albumin; rod corpuscles; an occasional 
leucocyte; no casts: Liver very tender; spleen two lingers. Red corpuscles 
2,400,000 with poikiloeytosis and anisoeytosis. By 6 p. m. the red corpus¬ 
cles numbered 1,550,000; the serum was brownish red with a strong direct 
bilirubin reaction and with urobilin strongly positive. Blood transfusion 
and dextrose improved matters. On the fourth of December the red blood 
corpuscles numbered 1,300,000, the whites 15,700; on the fifth methemo- 
globin was spectroscopically established in the urine, apparently the first 
spectroscopic examination made. Rapid improvement followed. 

G. Carmichael Lo\v(‘-i) in a short note writes against plas- 
moquine and without mentioning his results reports four cases. 
In three of them he observed “cyanosis" and of the fourth 
reports “sickness after the use of plasmoquine,” but he does 
not give any further details. 

W. Fletcher and K. Kan agar ay or (32) report ninety-seven 
cases of malaria treated with plasmoquine. The authors state 
that the effect in tertian and quartan type “upon the parasites 
was equally striking," and that “plasmoquine proved at least 
equal to quinine." In subtertian fever they observed, as is 
sufficiently known, not a satisfactory action with the pure plas¬ 
moquine, but had to employ plasmoquine compound. Concern¬ 
ing side clFoets the authors mention only two cases with cyano¬ 
sis, one with gastralgia, and two with fever and collapse while 
undergoing treatment but without any abnormal findings in the 
urine, so that the authors do not consider this illness due to 
plasmoquine. 

Recently, 1\ Ignacio(-31 published a very interesting paper 
on the plasmoquine treatment of twenty-nine cases of malaria, 
most of them in the Philippine General Hospital, Manila. This 
work was done long after we had started our studies and 
was under the direction of the Research Committee of the 
College of Medicine, Manila. Briefly it may be noted that the 
author saw the well-known effects reported by Muehlens, when 
the drug was administered properly. Unfortunately, the author 
had not a sufficient supply of plasmoquine compound, so that 
“we have used a combination of plasmoquine tablets and quinine 
bisulphate capsules.” For blood examinations, no thick films 
were made, but “thin smears obtained one half to one hour after 
the injection (adrenalin or strychnine) were always used in the 
blood examination using tho Wright’s stain." 
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Side effects were observed as usual, but “the untoward effects 
are, therefore, few and mild and that they disappeared prompt¬ 
ly when the drug is withheld.” The author, following- Mueh- 
lens, says of plasmoquine compound: “It appears that 
plasmoquine compound is more powerful than quinine.” 

Pharmacological tests were made by EichholtzW and Le 
Haix and De Lind van Wyngaarden.(^t) Eichholtz found that 
in cats 2.5 to 5 milligrams plasmoquine per kilogram weight, 
given hypodermically, produces met haemoglobin formation. 
Then he states: 

1. Intravenous injection of plasmoquine affects in cats, dogs and rab¬ 
bits the coordinate action of the heart by suppressing systoles or dupli¬ 
cating them, producing arrhythmia perpetua in higher doses. 

2. Adrenalin, in small amount, prevents this interruption. The amount 
of adrenalin which is formed and Hows into the blood after psychic emo¬ 
tion or muscular activity acts in like degree. 

3. Quinine, given in sufficient dose (i. e. 2 to 4 milligrams intrave¬ 
nously), also counteracts. 

Le Haix and De Lind van Wyngaarden showed that consid¬ 
erable differences prevail in the different animals. Whereas 
per kilogram weight the fatal dosage for cats is 5 milligrams, 
given either hypodermically or intravenously, and 7.5 milli¬ 
grams if given orally, rabbits may die after the administra¬ 
tion of only 3.5 milligrams, hut tolerate up to 20 milligrams 
given hypodermically, and even 225 milligrams if given by oral 
application. Cats seemed to recover more quickly than rabbits 
after poisoning. Death occurs with symptoms of dyspnoea, as¬ 
phyxia, bradycardia, and arrhythmia. The authors note spe¬ 
cially the formation of methajrnoglobin. 

F’lasmoquine can he identified(25) after medication in the 
urine by extracting the urine (200 to 300 cubic centimeters) 
after alkalization with ether. After adding 2 per cent acetic 
acid the ether is evaporated. The residue is taken up with 
glacial acetic acid and tetra-chlor-benzoquinone, so-called chlor- 
anil: 

Cl Cl 
C C 

/ 

0 c c o 
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Table <. — Rrr<ivda of ad-ditiaruil case f?. 
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A bluish-green or bluish color appears, according to the con¬ 
centration. 

Plasmoquine containing urine gives a precipitate with mercury 
iodide-potassium iodide, as does quinine, but which persists in 
heating. 

Plasmoquine, on the other hand, does not give the thalleioquin 
reaction, which remains characteristic for quinine. 

The diazo reaction is positive for plasmoquine in dilutions 
of 1 : 100000. 

Our own experience with plasmoquine includes ninety cases 
of authochton-acquired malaria.- Some were private patients, 
but the majority were cases in San Lazaro Hospital, Manila. 
Most of the latter patients came from Novaliehes district, 
Rizal Province, about 25 kilometers north of Manila, Luzon, 
where a new water-supply system for Manila is under con¬ 
struction. The blood films of the private cases were all stained 
with (Jiemsa's stain, examined and checked by the two authors 
separately. From the hospital cases, however, the blood films 
were taken by one of the resident physicians (Dr. J. Salta or 
Dr. B. Barrera), stained in the beginning with Wright's 
stain and latter with (iiemsa's stain also, the latter being 
by far the better method. Another thick blood film and, if neces¬ 
sary, a thin smear too, was stained and examined by the authors 
themselves. Both findings were checked and usually agreed. In 
the very rare cases of nonagreement they were considered as 
positive. 

Thirty-nine pure tertian infections were treated with plas¬ 
moquine as a shown in Table 1 and 4. The daily dosage was 0.02 
gram plasmoquine three times, which was given without interval 

'After this paper had been already finished (January, 1928), we had 
the opportunity to treat five more eases of malaria with plasmoquine. As 
Table 7 shows, the same good effects of plasmoquine medication were 
obtained in one pure tertian and four subtertian infections. Of the latter 
one was a baby, 9 months old, which got three times one tablet plasmo¬ 
quine compound (0.005 gram plasmoquine and 0.0025 gram quinine sul¬ 
phate) a day and tolerated it well. The blood picture of the tertian 
case was followed up and is also shown in Table 7. In this case the 
lymphocytosis after plasmoquine medication is pronounced as well as the 
appearance of a few very young forms of leucocytes; namely, myelocytes 
and even promylocytes. We do not decide if this answering on behalf 
of the bone marrow and the spleen is to be considered as a precipitated 
regeneration caused by the malarial infection or by the toxic effect of 
the drug. 



Table l.—Tertian type of malaria treated with plasmoqmne. 

*chi*,nts; merozoita; gametocytes;!, abundant; , change in the medication; |j, end of treatment.’ 
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Table 1. —Tertian type of malaria treated ivith plaxmoquine —Continued. 
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* Without medication. b For daily dosage, see Table 
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up to the day of discharge from the hospital, the longest period 
being fourteen days. Whereas in most patients the tertian 
parasites can no longer be found on the fourth day after the 
beginning of treatment, and have already disappeared even on 
the second day in some cases, in a few cases the peripheral 
blood is not found free before' the sixth or seventh day. With 
the exception of these rare cases we can confirm Muehlens’s first 
report. Rut, on the other hand, and as will be explained later, 
we do not consider pure plasmoquine as a convenient antima- 
laric for tertian infections unless one is working in one of the 
rare districts of the world where only tertian fever prevails and 
neither a?stivo-autumnal nor double infections occur. 

Defervescence occurs early. 

We have had no opportunity to treat quartan infections, and 
this type is extremely rare in the Philippines. 

We treated twenty-seven cases of simple subtertian infec¬ 
tion with plasmoquine compound as is shown in Table 2. The 
daily dosage was two tablets three times in the beginning; that 
is, 0.03 gram plasmoquine and 0.375 gram quinine sulphate. 
Later, for case 14, we increased the amount to four tablets 
three times a day ; that is, 0.06 gram plasmoquine and 0.75 
gram quinine sulphate. The quantity was doubled because in a 
few cases of double infection (tertian and a;stivo-autumnal type) 
the parasites persisted in the peripheral blood to the twenty- 
second and even to the twenty-fifth day after plasmoquine medi¬ 
cation was begun and continued daily without interruption (see 
case 14, Table 3). 

Special interest attaches to case 26, for this was the most 
carefully observed patient in the group (one of the private 
patients of Dr. FI.). Daily blood examinations were made. 
Later, after discharge from the hospital, the patient carelessly 
took too small an amount of plasmoquine compound and came 
back after four weeks not only with fever, loss of fifteen pounds, 
and headache, but also with a few crescents in the thick blood 
film. Crescents had never been found before. 

As Table 2 shows, subtertian parasites were found in our 
cases longer than Muehlens states in his experiences. With a 
dosage of two tablets three times, whereas crescents disap¬ 
peared very soon and could not be found after the fourth day of 
administration, schizonts persisted until the ninth and even the 
tenth day (case 13. G. P.). It might be stated that crescents 
appeared in three cases on the second and the third day after 
treatment began, where they had not been observed before. 
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This somewhat “provocative” effect of the drug will be dis¬ 
cussed later. 

Interesting observations were made in our eighteen cases 
with double infection as shown in Table 3. 

Whereas these cases revealed all the difficulties in making an 
exact differential diagnosis between tertian and subtertian 
young schizonts (small rings) in the thick blood film, in all these 
cases examinations of thin smears were necessary for the exist¬ 
ence of Sehueffner dots, and enlargement or reduction in size 
and darker coloration, respectively, of erythrocytes, and for 
finer structure of the parasite's protoplasm. 

Cases 1, 4, 5, and 13 showed only tertian schizonts in the first 
blood film examined. Cases 1 and 4 received two tablets of 
pure plasmoquine three times a day (0.12 gram daily). Case 
1 showed on the second day small subtertian rings. On the 
fourth day crescents appeared, but disappeared three days later 
after plasmoquine compound (two tablets three times a day) 
was administered. In case 4 crescents appeared on the sixth 
day after treatment with pure plasmoquine had begun and two 
previous blood examinations were found negative for any para¬ 
sites. The day after administration of plasmoquine compound 
the crescents were found no more. 

Case 5 received four tablets of pure plasmoquine three times 
a day (10.24 grams) and showed small subtertian rings in 
abundance two days later. After daily administration of four 
tablets three times a day of plasmoquine compound these sub- 
tertian rings remained for five days more. 

Case 13 with tertian rings received 0.12 gram pure plasmo¬ 
quine daily. On the eleventh and the twelfth day after the 
beginning of treatment the blood examination was negative. 
On the fifteenth small subtertian rings appeared and were abun¬ 
dant on the seventeenth day. Plasmoquine compound, two 
tablets three times a day, was given, and seven days later the 
peripheral blood was free. 

Cases 3, 6, and 15 showed subtertian rings. After adminis¬ 
tration of plasmoquine compound, two tablets three times a 
day, case 3 revealed on the third day tertian schizonts, which 
were found together with subtertian rings. He left the hospi¬ 
tal one day later. 

Case 6 showed tertian schizonts together with subtertian two 
days after treatment with plasmoquine compound was begun. 
Two days later the peripheral blood was found negative for 
both types of parasites and remained so. 
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Table 3. —Double malarial infections treated v.ith plasmoquine —Continued. 
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In case 15 only tertian schizonts were observed on the second 
day. The following day 0.12 gram pure plasmoquinc was given 
and continued daily. The blood examination was negative until 
the tenth day after treatment was originally begun, when sub¬ 
tertian rings reappeared. Three days later plasmoquine com¬ 
pound, two tablets three times a day, was given. The parasites 
were still present on the twenty-second day. Though the blood 
examination was negative on the twenty-fifth day, the dosage 
of plasmoquinc compound was doubled (four tablets three times 
a day), and the peripheral blood remained free. 

Cases 2, 7, 9, 10, and 11 showed both young schizonts of ter¬ 
tian as well as of the subtertian type;. The parasites had 
already disappeared in case 7 by the thirjl day. 

In case 2 only subtertian rings were found on the second 
day and had disappeared by the time of the next examination, 
the fifth day. 

In case 11 there were present, besides the tertian and the sub¬ 
tertian schizonts on the second examination, also tertian game- 
tocytes; these had already disappeared by the third examination 
two days afterwards. 

Case 8 showed tertian and gametocytes and schizonts besides 
:estivo-autumnal schizonts in the first-examined blood film; they 
disappeared very quickly and could not be found two days after¬ 
wards or subsequently. 

Case 12 was an exceptionally heavy infection with abundant 
tertian and subtertian parasites of each stage, gametocytes as 
well as crescents included. On the second day crescents had 
disappeared, and there remained only a few tertian gametocytes 
besides both types of rings. The thick film on the fourth day 
was negative and further blood pictures remained the same. 

Case 14 showed small rings of both types. He received two 
tablets three times a day. On the ninth day the tertian para¬ 
sites had disappeared, but increased numbers of subtertian 
rings were observed during the two following examinations. 
These young subtertian schizonts were, however, found in de¬ 
creasing numbers until the twenty-fifth day. Though two days 
later the blood examination was for the first time negative, 
the medication was doubled and the peripheral blood remained 
free. 

In two of the three rases in this table where the peripheral 
blood remained posit ire for parasites over a longer period it is 
remarkable that previous medication of pure plasmoquine for 
some days had been given. Discussion might be raised as to 
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how far a certain “accustoming ” of the parasites may be re¬ 
sponsible for this fact. 

Table 4 shows six cases which erroneously received quinine 
after originally plasmoquine treatment was begun. 

Cases 2, 3, 4, and 5 with simple tertian infections received 
0.12 gram pure plasmoquine daily. The peripheral blood was 
found free of parasites in two cases on the third day, in one 
on the fourth, and in one on the seventh day after treatment 
began. 

In case 1 only tertian sehizonts, merozoites, and gametocytes 
were found. On the ninth day small subtertian rings were ob¬ 
served in the absence of tertian forms. 

Case 6 showed tertian rings. The second day after the be¬ 
ginning of treatment only small subtertian rings were found. 
The fifth day not only these small rings remained but crescents 
also appeared under pure plasmoquine administration. The 
following day plasmoquine compound was given. Though cres¬ 
cents were no longer found, the small rings persisted until the 
tenth day. This observation reminds us of cases 13 and 15, 
of Table 3, where likewise pure plasmoquine treatment teas 


Table 1 .—Tertian type of malaria and double infection in. which treatment 
with planmoqninr iras interrupted; further treatment with- quinine. 
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antecedent and the question of “accustoming 99 had been already 
raised. 

Some cases merit special attention and are shown in Table 5. 

Case 1 with simple tertian infection received 0.12 gram pure 
plasmoquine daily, over a period of six days. On the fourth 
day after treatment began the parasites had already disappeared 
from the peripheral blood. On the seventh day the patient re¬ 
fused to take any more medicine, either plasmoquine or quinine. 
Two days later tertian rings appeared again in the peripheral 
blood and remained there until the patient was discharged some 
days later. 

Case 2 was a 12-year-old boy, with small aestivo-autumnal 
schizonts in the peripheral blood. One tablet three times a day 
only was given. Several times (see table) parasites were found 
up to the twenty-fifth day, when the medication was doubled. 
Three days later the parasites had disappeared and remained so 
until the thirty-seventh day, when the patient left the hospital. 
This evidently proves that even in children plasmoquine com¬ 
pound in half dose is in no way sufficient and the normal dose 
is well tolerated by them. This was also observed in case 4, 
Table 1, a girl of 7 years with simple benign tertian infection. 
The child received from the very beginning of treatment the 
full amount of 0.12 gram pure plasmoquine and tolerated it well, 
except for slight cyanosis of the finger tips. 

Case, 3, a man of 24 years, showed in the beginning tertian 
schizonts in the peripheral blood. Under administration of pure 
plasmoquine, 0.12 gram daily, a few tertian gametocytes were 
found on the sixth day. On the thirteenth day small aestivo- 
autumnal rings were observed. From the following day to the 
thirtieth day (that is, over a period of twenty-four days) qui¬ 
nine sulphate, 1.8 grams daily, was given, but subtertian schi¬ 
zonts still persisted. Then plasmoquine compound, two tablets 
three times a day, was administered. After two days the 
subtertian schizonts were abundant in the peripheral blood. 
When the patient left the hospital two days later (that is, the 
forty-third day after treatment originally began), the parasites 
were found in decreased but still considerable numbers. 


CONCLUSIONS 

Concerning the action of pure plasmoquine in benign tertian 
infections we are able to confirm the good effect on all forms 
of the parasite as first reported by Muehlens. However, we 
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Tablr (>.—Blood pictures in malaria. 
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gave slightly larger doses (namely, 0.12 gram daily) ill the be¬ 
ginning and found it valuable sometimes to increase the dose to 
0.24 gram daily. Under such medication defervescence occurs 
early and, whereas in many cases parasites had disappeared on 
the second day after the beginning of treatment, in none of our 
cases could we find parasites for more than six days. 

Splenic enlargement rapidly decreases under plasmoquine 
medication. Case 85, a private patient of Doctor Moreta whom 
he courteously sent us, previously had malaria. He had re¬ 
ceived quinine and showed no more parasites in the peripheral 
blood but had still a very large spleen. After plasmoquine the? 
spleen rapidly decreased in size. 

In a few cases tertian gametocytes, which could not be found 
in the beginning, appeared under plasmoquine medication, but 
disappeared again very soon. 

In restivo-auturnnal infections it seems to us that with six 
tablets of plasmoquine compound daily (that is, 0.03 gram plas- 
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moquine and 0.375 gram quinine sulphate) the parasitieidal 
effect, though much superior to quinine, is yet not so striking as 
claimed by authors in Europe. However, it should be kept in 
mind that the general conditions in the Tropics, poorer food, and, 
doubtless, lower resistance of the poorer class are less favorable 
than conditions in European or American hospitals. 

In a few of our cases the parasites persisted to the eleventh 
day, although we gave larger doses than originally suggested 
by Muehlens. However, this author has more recently recom¬ 
mended from 0.06 gram plasmoquine and 0.75 gram quinine 
to 0.08 gram plasmoquine and 1.0 gram quinine daily. 

The effect of plasmoquine compound upon crescents is strongly 
pronounced, as Muehlens stated. However, as this author has 
already reported, we have observed likewise some cases in which 
crescents appeared for the first time under plasmoquine ad¬ 
ministration but soon disappeared with continued treatment. 

In double infections we noticed frequently somewhat of a 
provocative effect of plasmoquine . This means in cases where 
primarily only tertian parasites were found, after administra¬ 
tion of pure plasmoquine subtertian schizonts and even crescents 
appeared. In these cases treatment was continued with plas¬ 
moquine compound. On the other hand, under plasmoquine- 
compound administration the tertian parasites appeared in the 
peripheral blood, where only subtertian forms had been pre¬ 
viously present. But in these cases, only tertian schizonts ap¬ 
peared. and never the sexual forms contradictory to the above- 
mentioned appearcnce of crescents in the suspected simple tertian 
infection. 

A few “plasmoquine-resistant” cases were observed by us, as 
shown in Tables 3 and 5. 

Concerning the side effects we observed frequently more or 
less pronounced cyanosis which, however, was in none of the 
cases so alarming as to require the withholding of further 
plasmoquine medication. This cyanosis is often first observed 
on the nails and the finger tips, on the mucous membrane of the 
lips, and in the mouth. The face shows a very typical, pale, 
livid gray. The droplet of blood obtained by pricking the finger 
pad has a characteristic dark bluish-red color. 

One of our cases even received up to 0.15 gram plasmoquine 
with 0.875 gram quinine daily, and showed no alarming side 
effects. 

Though this cyanosis occurs more frequently and generally 
is more pronounced after medication with pure plasmoquine, w’e 
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have also noticed the same after administration of plasmoquine 
compound. We have not observed any relationship between this 
cyanosis and the severity of the malarial infection. 

Muehlens, in his first publication,(5) considered circulatory 
disturbances responsible for the cyanosis. More recently, how¬ 
ever, he has accepted the general consensus of opinion(9) that 
formation of methmmoglobin is the real cause. Not only met- 
ha?moglobin could be found after plasmoquine medication by 
Eichholtz(N) in man and by Lc Ilaix and De Lind van Wyngaar- 
den(24) in cats and rabbits, but the latter authors also showed 
that in vitro it may be formed by plasmoquine from the blood 
of men, cats, rabbits dogs, horses, cattle, sheep, and pigs. 

Gastralgia was observed frequently in ward patients and es¬ 
pecially if one patient had started to complain, the others fol¬ 
lowed. In none of our private cases did we hear any severe 
complaints. We therefore agree perfectly with Mcmmi and 
Schuleniann,0*» io, li) Whitaker,(Hi) and others, that the degree 
of these abdominal pains is widely dependent on psychological 
factors, both of the patient and the observer. Though generally 
abdominal pains seem to occur more frequently after pure plas¬ 
moquine, they are also noted after plasmoquine compound medi¬ 
cation. 

The differential leucocyte count was made from a Giemsa- 
stained thin smear. This specimen was not made on a slide but 
on a cover glass after the procedure of Nacgeli and as recently 
described by Hasselmann.(26) We have observed no remark¬ 
able effect of plasmoquine administration, except lymphocytosis 
as described by Mcmmi and Schulemann.W Table G shows six¬ 
teen examples of the leucocyte pictures. Concerning any direct 
visible action of plasmoquine upon the form or shape of the 
plasmodium, we have seen these curious parasites only upon or 
even just outside the border line of the erythrocyte, where the 
plasmodium itself seemed io be dying and stained very palely. 
We did not observe the so-called “Zerreissungsformen” as first 
described by Schaudinn(27) after quinine, nor could we feel tho¬ 
roughly convinced of the “Dcgcnerationsformcn” as described 
after plasmoquine treatment by Memmi and Schulemann(lO) 
and by Manson-Bahr.O*) 

OUTLOOK 

As already stated quinine is far from being the thempia 
magna sterilisanx for malaria eradication. With the exception 
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of Billet (28) most authors, including Barber, (29) Bass, (30) 
Bignami,(2) Darling,(31) Gualdi,(32) James,(33,34) Jancso,(35) 
Macfie, (30,37) Martirano, (32) Polettini, (38) Purjesz, (39) 
Rieux,(40) Schaudin,(4i) Loewcnstein,(42) Thomson,(43) Wen- 
yon,(44) Werner, (45) and Yorke,(30,37) consider that quinine 
does not afFect the gametocytcs and that patients receiving even 
2 grams of quinine daily are infective for the biting mosquito. 
Furthermore, Yorke and Macfie (30, 37) showed that under ex¬ 
perimental conditions only daily quinine treatment for ten days 
after the infectious bites could prevent the infection. Similar 
observations were made by Kirschbaum(46) in paralytics after 
injections of malarial blood. 

As shown by James and Shute(47,48) in their notable in¬ 
vestigation with experimental infection of 2,630 female Anophe¬ 
les maculipennis, it is most striking that a relatively small 
proportion of malarial-infected persons are infective to mosqui¬ 
toes. They say: 

During: this work it has been our experience that some patients with 
induced malaria are not at all infective to anopheles at any period of their 
malarial course, that others are only moderately so, and that rarely one 
comes across a patient who is strikingly infective. 

The authors conclude that those patients are “good infectors” 
who carry a large number of gametocytes as found on blood 
examination, but in contrast to the opinion of Darling(3l) and 
ethers who claim that one gametocyte to five hundred leucocytes 
(that is, twelve per cubic millimeter of blood) should be sufficient 
for infecting the mosquito, they had many failures even if the 
number of gametocytes was considerably in excess of this. The 
authors, therefore, have the impression that the quality of the 
sexual form, perhaps, the character of “ripeness,” plays a more 
important role. 

It is evident that apart from the mosquito conditions the in¬ 
cidence of gametocytes in man is the most important factor 
in the spread of malaria. From the epidemiologic standpoint- 
cases of subtertian malaria treated with quinine may be for 
weeks a greater danger in labor camps than even the recently 
infected cases one finds in field surveys. Wenyon(44) and 
Clark(49) have shown that even after hospital treatment with 
up to 4 grams of quinine daily and without fever and symp¬ 
toms, a large percentage of such cases remain gametocyte car¬ 
riers. In view of this we may direct more attention to the fact 
that malaria is a “household disease” and as such might often 
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be dealt with in the houses rather than with antilarval methods. 
It should be remembered that Le Prince and Proctor (50) proved 
the efficiency in Panama of systematic mosquito catching in 
dwellings, as lately again recommended by James. However, 
conditions in the Philippines are somewhat different, since Ano¬ 
pheles minimus, the chief vector, has never been found resting 
in houses. 

With this in mind the demonstrated gametoeidal activity of 
plasmoquine permits us to return to Robert Koch’s (51,52) post¬ 
ulate that it is relatively more important to extirpate the ma¬ 
laria infection in the infected human carrier than to eradicate 
the mosquito as suggested by Ronald Ross. (53,54) In order to 
avoid any misinterpretation we want to state positively that 
under favourable conditions in comparatively small areas mos¬ 
quito-control work may remain the standard method. Examples 
such as Ismailia, the Panama Canal Zone, the Federated Malay 
States, some places in Dutch East India, the “bonifications” in 
Italy (incidentally, though not directly, antilarval), and lastly 
the very effective work in Jugoslavia as reported by Hasselmann 
(55,56,57) are widely enough known. The cost of this mosquito- 
control work justifies itself and can be maintained only in large 
commercial and industrial centers or populous residential 
districts. In rural districts and especially in large plantations 
we still consider the sufficient treatment of the diseased men as 
the most effective procedure. One of the world’s most extensive 
plantation undertakings, the United Fruit Company, in its last 
annual report,(1C) suggests the same view. (Also compare the 
Proceeding of the Seventh Congress of the Far Eastern Associa¬ 
tion of Tropical Medicine, Calcutta, the different views of Colonel 
James and Sir Malcolm Watson.) 

In this respect we have in the new plasmoquine a remedy to 
cut the vicious circle of malarial infection in the human carrier 
by destroying the gametocytes, which are alone the infective 
source for the biting mosquito. 

A few words may be said about the special conditions in the 
Philippines. Our patients came mostly, as already mentioned, 
from the Novaliches district, Rizal Province, about 25 kilometers 
north of Manila. This has been long known as a heavily in¬ 
fected malarial district. Judging from morbid incidence Anoph¬ 
eles minimus is supposed to be chiefly responsible for transmis¬ 
sion, though Anopheles barbirostris, philippincnsis, hycranus , 
ftdiginmites, and rossi are found there too. Whereas A, fuligi- 



37, i Hasselmann and Hasselmann-Kahlert: Plasmoquine 111 


nosus, hycranus , and philippinensis breed mostly in still water 
only, A . barbirostris and rossi are encountered in both still and 
running water. Anopheles minimus, the vector, is here found 
only in clear running water under shade. Anopheles barbiros- 
iris is usually found associated with A. nivninms, but in more 
slowly moving rivers. 

The Rockefeller Foundation and the Philippine Health Serv¬ 
ice have done some good work in San Jose, Mindoro; on the 
Calamba sugar estate, Laguna; and in the districts of Novaliches 
and Angat, where the new water supply for Manila is under 
construction. Quininization and mosquito-control work (the 
later mostly by the use of Paris-green powder) against Anoph¬ 
eles minimus , the chief vector, gave results which cannot ho 
separated from each other. A prolonged and sufficient treat¬ 
ment of the patient, with the goal of freeing him from malaria 
gametocytos and especially from crescents, will no doubt prove 
still more effective than prophylatic medication with plasmo¬ 
quine. We perfectly agree with the United Fruit Company, 
which urges that no malaria patient should be discharged from 
the hospital who still has gametocytes in the peripheral blood 
and that the discharged patients should remain under observa¬ 
tion for a certain time. These means of freeing carriers from 
gametocytes are much more effective and economic. Such a 
desideratum, practically impossible with quinine, is now brought 
within practical lines through the addition of plasmoquine to 
our antimalarial armamentarium. 

It may be stated that we consider 0.12 gram pun* plasmoquine 
a day, given in dosis refracta, as a sufficient quantity for benign 
tertian infections. We have never seen any alarming side effect 
with this dosage that would have required the discontinuance 
of plasmoquine medication. 

It is, however, more convenient to administer plasmoquine 
compound at once in cases where the least suspicion of a possible 
subtertian infection or a double infection exists. We refer to 
Muehlens,(9) who says: 

In all tropical countries where double infections with subtertian fever 
occur, plasmoquine compound should be given to avoid relapses of subter¬ 
tian fever after tertian or quartan, respectively, have stopped. 

Whereas this author thought temporarily to recommend 
smaller doses, he has increased them more recently 00 to 0.06 
gram plasmoquine togather with 0.75 gram quinine a day ; that 
is, six of the larger or twelve of the smaller tablets of plasmo- 
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quine compound. In our cases and in consideration of the small 
size of the average Filipino we found daily doses of 0.03 gram 
plasmoquine and 0.375 gram quinine sulphate sufficient in most 
of the cases, though much larger doses were well tolerated, as 
the tables show. In this respect special attention may be di¬ 
rected to case 25, Table 1, with tertian infection, who was given 
daily 0.32 gram plasmoquine for three days and 0.12 gram 
plasmoquine for eight days, altogether 1.92 grams plasmoquine 
without interruption in the course of eleven days without any 
considerable side effect. Case 26, Table 2, with aestivo-autum- 
nal fever received up to 0.15 gram plasmoquine together with 
1.875 gram quinine sulphate a day and tolerated it well. Even 
in this case, with the comparatively heroic dosage, two more 
rises of temperature occurred as shown in the text figure. 

This fever curve, besides, is typical and might be given as an 
example. Furthermore, in this case, which was a European of 
19 years and became infected on a kapok plantation in Novali- 
ches district, it is noteworthy that crescents appeared on the 
thirty-eighth day after plasmoquine-compound treatment began, 
though the patient took the drug for four weeks but only very 
irregularly and in too small doses; namely, two small tablets a 
day for after treatment. We cannot speak of a certain plasmo- 
quine-fast strain of the parasite, became, under continued and 
proper medication of the same drug, the parasites disappeared, 
and did not reappear. 

Our observations are not sufficient to formulate proper con¬ 
clusions concerning relapses, for most of the ward patients had 
to be discharged from further hospital observation to their 
respective camps. It may, however, be stated, that even of 
these laborers only one (case 23, Table 1) came back within 
five months with malaria, whereas laborers from the same 
camps, who had been treated with pure quinine, frequently came 
back for hospital treatment. Very often the latter then ob¬ 
tained plasmoquine treatment and were finally cured. 

Case 26, Table 2, as already mentioned, had a relapse and even 
developed crescents. Muehlens(f) and Memmi and Schule- 
mann(io) admit that this may happen but very seldom. 

We did not observe, as reported by Vad and Mobile (58) * and 
by Baerman and Smits,(i4) that the natives tolerate plasmo¬ 
quine better than while people. 

* These authors recently reported very satisfying results of plasmo- 
quine treatment in sixteen cases of malaria. 
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Concerning the differential leucocyte count Memmi and Schu- 
lemann(8) report a lymphocytosis up to 50 per cent after plas- 
moquine treatment. In some of our cases we could verify this. 
Table 6 shows sixteen blood pictures. 

Finally, the question arises as to the value of plasmoquine in 
the Philippines. There are about 25,000 deaths reported each 
year due to malaria. Good work has been done since 1922 under 
the direction of the International Health Board, the Philippine 
Health Service, and the United States Army and Navy author¬ 
ities. Field work, started in Olongapo, Zambales; Del Carmen, 
Pampanga; and various districts in Laguna Province and car¬ 
ried over certain parts of the country proved successful. Even 
in San Jose, Mindoro, once known as the “white man’s grave,” 
quinine prophylaxis together with spraying of Paris-green 
powder have done much to better conditions, but we must not 
expect too much of these measures. For instance, during the 
second week of February, 1920, in one of the Novaliches camps 
there was a morbidity of more than 20 per cent of all laborers 
who had to be transferred for hospital treatment, and this was 
in the very neighborhood of Manila! Conditions, however, 
have improved; the vector in the Novaliches district is appa¬ 
rently Anopheles minimus alone, and all streams and running 
waters are now continuously sprayed. In December, 1927, an 
epidemic outbreak of malaria among the Igorots near Ibulao 
River, Mountain Province, Luzon, was reported, (5'.)) not. to speak 
of the vast areas in Mindanao where only malaria prevents 
exploitation of one of the gobe’s most fertile soils. 

We wish to direct attention to the more economical possibility 
of breaking the vicious circle of malaria in man by administering 
plasmoquine, not prophylaetically, but as sufficient treatment of 
the infected, thus freeing him from gametocytes and making 
him sterile for the biting mosquito, the ineradicable animal of 
tropical countries. 

SUMMARY 

1. Ninety cases of naturally acquired malarial infection were 
treated with plasmoquine/ 1 

'' We had no opportunity to treat cases of pneumonia with plasmoquine 
as did U. Schlesinger, who reports early defervescence after its admi¬ 
nistration. Muench. med. Wo. No. 11 (11*27) 171*. 
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2. Forty of these cases were tertian infections and received 
from 0.12 to 0.32 gram of pure plasmoquine daily in dosis 
refracta. They were freed from parasites in from two to six 
days after treatment began. 

3. Thirty-one of the cases were simple a?stivo-autumnal infec¬ 
tions and received “plasmoquine compound” on an average from 
one tablet three times (child) to five tablets four times a day. 
Each tablet contained 0.005 gram plasmoquine and 0.0625 
gram quinine sulphate. They were freed from parasites in 
from two to ten days after treatment began. 

4. Eighteen cases were double infections. Those that showed 
in the first blood examinations only tertian parasites were given 
pure plasmoquine, which was changed to plasmoquine compound 
as soon as the double nature of the infection was revealed. 
The other cases, with both types of parasites or with only sub¬ 
tertian forms in the beginning, were given plasmoquine com¬ 
pound at once. 

5. In all cases—most pronounced in case 85—splenic enlarge¬ 
ment rapidly decreased. 

6. It seems that in double infections plasmoquine has some¬ 
what of a provocative effect; that is, where only one type of 
parasite is found in the peripheral blood, after administration 
of pure plasmoquine the subtertian forms appear in the peri¬ 
pheral blood; and after administration of plasmoquine com¬ 
pound, on the other hand, the tertian forms often appear; but 
in these cases only tertian schizonts appeared and never the 
sexual forms contradictory to the above-mentioned appearance 
of crescents in (he suspected simple, benign, tertian infection. 

7. It is remarkable that small a\stivo-autumnal rings persisted 
for a longer time in the peripheral blood if previous medication 
of pure plasmoquine had been given. Therefore the question of 
a certain “accustoming” arises. 

8. Whereas our observations do not warrant final judgment 
concerning relapses, these were exceptionally few as compared 
with relapses after quinine medication. 

1). Side effects, such as gastralgia and abdominal pains, cyano¬ 
sis of the lips and the linger tips, and paleness of the skin, may 
occur, especially after pure plasmoquine, but never required the 
discontinuance of the medication. On the other hand these pos¬ 
sible side effects make medical supervision absolutely iudispen - 
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sable" and plasmoquinc unfit for self treatment, after treatment, 
or prophylaxis without this medical care. Likewise, we do not 
consider plasmoquinc suitable for prophylaxis, on a large scale, 
except under strict daily medical supervision for a possible, 
sterilization of a certain population, say for about ten days, with 
the goal of freeing all possible carriers from gamctocytes. 

10. We recommend the following doses: 

A. In tertian infections- 

0.10 pram plasmoquinc daily, best given as one tablet of 0.02 
pram, five times a day. This dose may be eventually 
doubled. 

B. In sestivo-autumnal or in double infections— 

Five times a day one tablet plasmoquinc compound, each of 
0.01 pram plasmomoquinc and 0.125 pram quinine sulphate; 
that is, 0.05 pram plasmoquinc and 0.G25 pram quinine sul¬ 
phate a day; that is, at least. 0.001 pram plasmoquinc per 
kilogram weight. 

Although we consider these doses sufficient in most cases, in 
one case with tertian infection we gave up to 0.32 gram plas- 
moquine daily and in the course of eleven days altogether 1.92 
grams plasmoquinc without interruption and without any 
considerable side effects. Another case (26, Table TI), with 
subtertian fever, received up to 0.15 gram plasmoquinc together 
with 1.875 grams quinine sulphate a day and in the course of 
seventy-six days a total of 1.62 grams plasmoquinc and 22.25 
grams quinine sulphate, also without any alarming side-effects. 

11. Our experience confirms to a large extent, Muehlens’s first 
report that this new antimalarie is superior to quinine in ter¬ 
tian infection and its action as specifically “gametocidal” in 
subtertian fever. 

12. We may compare plasmoquine with the “Altsalvarsan,” 
which was very soon improved after its discovery by Ehrlich 
himself. Therefore, we agree with the following statement of 

Manson-Bahr :(17) 

Plasmoquinc has to be* regarded as the first of a new series of anti- 
malarial synthetic drugs, and not as the climax of what has already been 
accomplished. The future is distinctly hopeful as regards the synthesis 
of a still more efficient antimalarie compound. 

*We, therefore, cannot follow the views of Benecke, hut are in line 
with the oficials of the United Fruit Company (Sixteenth Annual Report). 
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The administration of plasmoquine 7 in combination with qui¬ 
nine as plasmoquine compound has been demonstrated to be 
markedly successful in freeing’ the victim of malaria from game- 
tocytes. This brings nearer accomplishment the original sugges¬ 
tion of Robert Koch to break the vicious circle of malaria by 
destroying the sexual forms of the malarial parasite in the 
human carrier. 
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NOTES ON MALARIA TRANSMISSION 


By O. Manai.ano 

Of the Philippine Healthi Sere ire, Manila 
FOUR PI.ATLS 

Banks, 1 in 1907, claimed to have produced artificial malarial 
infection in Anopheles hnllowU (salt-water type) and repro¬ 
duced the disease in a volunteer. His evidence, however, is 
inconclusive. He showed microphotographs of sections of sup¬ 
posedly infected salivary glands, the only microphotographic 
illustrations of sporozoites I know of in available Philippine 
literature on malaria. 

Walker and Barber, 2 in 1914, experimented with Anopheles 
minimus Theobald (A. feb lifer Banks), A. rossii Giles, A. bar - 
birostris van do Wulp, A. hyreanus Pallas, and A. macula ties 
Theobald, and succeeded in producing the highest infection rates 
in the stomachs and the salivary glands of A. minimus . They 
concluded that A. minimus is probably the most important trans¬ 
mitter of malaria in the Philippines. 

In a subsequent paper Barber 1 included A . maculatus with A. 
minimus as one of the chief transmitters of malaria although 
to a lesser extent. 

By circumstantial evidence the Rockefeller investigators 4 in¬ 
criminated A. minimus and A . ludlowii (fresh-water type), 
stream and river breeders, respectively, as the main vectors. 

The present notes are preliminary in nature and give briefly 
the recent findings of the malaria section of the Philippine 
Health Service on malaria transmission during its first year of 
existence. 

Little material will be presented, as the major part of the year 
was spent in routine surveys, organization, and establishment 
of control areas. 

Philip. Journ. Sri. § R 2 (1907) 513. 

"Philip. Journ. Sci. § P* 9 (1914) 381. 

•Philip. Journ. Sri. § B 10 (1915) 177. 

4 Tk‘di‘man, Journ. Prev. Mod. No. 3 1 (1927). Mieldazis, Ann. Rep. 
Philip. Health Service (1925) 190. 
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The merits of the study of malaria transmission by experi¬ 
mental or by natural infection will not be gone into for the 
present, nor will the question of why one species may be a very 
important vector in one country and not in another be touched. 

The method followed in the dissection of wild-caught mosqui¬ 
toes and the result so far attained will be given. Microphoto¬ 
graphs are presented, particularly those of the sporozoites, to 
compare with those of Banks in Anopheles ludlouni. Different 
stages of the oocyst in the stomach are also illustrated. A 
section of the thoracic ganglion of Culex (Plate 5, fig. 2) is 
also given for comparison with Bank’s microphotographs of 
sporozoites. Comparison of this figure with Banks’s Plate 9, 
fig. 4, would seem to show that Banks mistook the nuclei of the 
neurones for sporozoites. 

ANOPHELES SURVEYS 

In a survey of sixty-nine malarious places in Luzon and Min¬ 
doro, Anopheles minimus , a stream breeder, was found in sixty- 
four (93 per cent) of the places, and the predominant species 
in fifty-three (77 per cent). It is believed that if larval col¬ 
lections were made during the malaria seasons in all these places, 
A. minimus would probably be found in almost all and the pre¬ 
dominant species. There may be a few localities where A. 
minimus is not the natural vector, but this remains to be shown 
by further observations. In a survey of twenty-five places in 
Mindanao and Sulu, of which eleven were malarious, where 
malaria was present A. minimus was always found, alone or 
with the other species; while when A. minimus or its potential 
breeding place was absent, the other species present or abundant, 
there was invariably no malaria. Of course, the presence of 
A. minim ?i$ does not necessarily imply the presence of malaria. 
It was on the basis of the Mindanao findings that “species con¬ 
trol” against A. minimus was recommended by the writer and 
approved by the Advisory Committee on Malaria Control in 
April, 1927. This limits Paris-green control to streams and ir¬ 
rigation ditches found to be A. minimus breeders. 

In localities with permanent streams it has often been said 
and also observed that the peak of the malaria season coincides 
with the dry season (rice harvesting) and with the abundance 
of A. minimus breeding when the water is clear and at a con¬ 
stant level. During the rainy season the flooding carries the 
larvce away, hence lower malaria incidence. There are places, 
however, where the malaria season starts after the rain and 
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decreases during the dry season. This condition has been found 
to be due to the formation of rain or temporary streams, the 
A . minimus breeding places, which as a rule dry out during the 
dry season. Both of the above conditions apparently exist in the 
Novaliches water project, in Rizal Province, Luzon, with more 
cases during both the dry and the rainy season. Of course, the 
nature of the work (excavation and filling) and consequent 
lowered resistance and exposure during rains, might have 
caused more cases and relapses. 

HABITS OF ADULT ANOPHELES MINIMUS 

No systematic study has been made of the habits of Anophe¬ 
les minimus . What will be given here are only incidental ob¬ 
servations from September to December, 1927, inclusive, in La 
Mesa (Novaliches water project), while looking for the insects 
for dissection purposes. La Mesa is the second worst malaria 
district encountered in about two hundred surveys, with 84 per 
cent splenomegaly and 53 per cent positive blood in children 
and at least 46 per cent blood positive among active laborers 
who receive 10 grains of quinine daily. 

The adult mosquito is typically “wild” in that it is very 
seldom found in the ordinary nipa house at night, much less in 
the day time. The only occasions on which they have been 
caught during the day time were when they were imprisoned 
inside wire screens. During the period of heavy catches they 
have shown preferential harborage in two houses out of about 
seventy-five, and incidentally where most of the new malaria 
cases were registered. Why this is so has not been studied, but 
it may be that these houses are suitably located in the mosqui¬ 
toes’ line of flight; due to favorable winds; near the nearest 
breeding places beyond the control areas; or, that the houses are 
firmly built and not subject to much vibration. 

Most of the catches were made outside the houses and by 
exposure of the body and the limbs of the catchers. Flash¬ 
light is indispensable to spot them. The best time to see them 
in Novaliches is in the latter part of the evening. Mosquito 
traps have not yet been studied. 

Of over twenty-seven hundred adult Anopheles caught, only 
two were males. This may be due to the fact that as most of 
the catches were by exposure the nonbiting males were not 
attracted; or, the area being under control, the breeding place 
from which the females come is beyond the 1.5-kilometer limit; 
or for some unknown reason. 
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DISSECTION 

The basis for identification of species will not be gone into, 
suffice it to say that Strickland’s Manual was used and found 
to be a very simple guide. 

Method .—For a successful dissection the primary requisite is 
a mosquito freshly killed with a drop of chloroform or tobacco 
smoke applied to the mouth of the test tube containing the 
insect. Insects long dead are unsatisfactory, as they are hard 
and brittle. After the species has been determined, a fine sewing 
needle in a handle (needle 1) is thrust into the thorax, either 
dorsal, lateral, or ventral side, preferably toward the caudal 
half in order to avoid the salivary glands. The legs and the 
wings are removed with a pair of entomological forceps or the 
fingers. Place a drop of normal salt solution on the middle of 
a slide, and with the aid of another dissecting needle (needle 
2) carefully detach the mosquito from needle 1 and lay it on its 
side on the slide, the head on the edge of the salt drop. Place 
needle 1, held with one hand, on the thorax lightly but firm 
enough to hold it down so that the needle is almost parallel to 
the surface of the slide. Needle 2, held with the other hand, 
also parallel to the surface of the slide and to needle 1, is now 
placed on the head or the proboscis and with sufficient pressure 
to hold but not crush the head. Carefully pull the head inter¬ 
mittently from the thorax. The secret of pulling out the lobes 
of the salivary glands lies in the slowness of traction on the head. 
The longer one can keep the head and the thorax within 1 to 
2 millimeters distant from each other during the traction, the 
greater are the chances of success. During this stage both 
hands should rest on the table. When properly done, one will 
see white specks, the salivary glands, the oesophagus, and some¬ 
times air bubbles between the head and the thorax floating in 
salt solution. To be sure of success, one should examine from 
time to time the region of the neck during this step. Once 
the glands are pulled out of the thorax, they are cut from the 
head at its junction with the needle. If one fails to get. the 
glands with the head, he should proceed to pull out the stomach, 
and then return to the thorax and tease out the salivary glands 
by tearing carefully with the two needles the region of the tho¬ 
rax nearest the first coxa; with repeated examination under a 
low power. The salivary glands are easily recognized as two 
highly retractile sausage-shaped structures, each of which has 
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three lobes. A total of seven lobes in one insect has been ob¬ 
served twice. 

The stomach is isolated in the same way as the salivary 
glands. Needle 1 is applied to the thorax with the abdomen in 
salt solution. Needle 2 is applied at about the caudal fourth 
or third of the abdomen and careful intermittent traction ap¬ 
plied with needle 2. The abdominal casing will break at the 
point of application of needle 2 and expose the intestine, Mal- 
phigian tubules, and ova, if any. Should the abdominal casing 
fail to break at the point; where needle 2 is applied, a puncture 
on its edge will start the break. Further traction will reveal 
the whole midgut and often a large portion of the entire foregut. 
Sometimes the abdomen breaks off at its junction with the 
thorax before the stomach is exposed. In that case needle 1 
is applied at the cephalic third or fourth of the abdomen. Much 
pressure in tin* caudal third or fourth may sever that part of 
the abdomen without exposing the midgut. In that case the 
abdominal casing is torn on the edge and carefully pulled off 
the stomach. In a distended abdomen filled with blood or ova 
careful pressure, rolling the needle, from the cephalic to the 
caudal portion will press out the stomach and all. Repeated 
examination under the microscope during the process of dissec¬ 
tion is very important. 

It is preferable that the salivary glands be removed first, 
as the severed (esophagus will facilitate subsequent traction on 
and isolation of the stomach. 

—The nodular corrugations characteristic of a freshly 
isolated stomach from a recently killed mosquito should not be 
confused with oocysts. Cysts have different refraction from the 
stomach tissue proper, and are uneven in distribution. They 
are best seen under a cover glass which is lightly pushed while 
the stomach is under view. The cyst on reaching a profile 
position will appear to be a distinct and complete spherical 
body with a wall and attached to the outer surface of the. gut, 
while contractile corrugations are half spheres and regular in 
distribution. Small cysts may contain only spherical hyaline 
bodies, while the larger ones are filled with granules, bacillary 
structures, or spindles. A positive stomach may be preserved 
and mounted in <> to 5 per cent formalin and the cover slip 
ringed with vaseline. 

Sporozoites ,—An infected salivary gland very frequently rup¬ 
tures during the process of isolation. The sporozoites are 
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easily identified even with a * objective as numerous highly re¬ 
tractile bent rods, “vibrio-like,” pouring from the ruptured side 
of a lobe. Before discarding the salivary gland as negative, 
apply a cover glass, press lightly, and push the cover glass to one 
side. If sporozoites are present, they will be discharged from 
the crushed gland. For the study of the morphology of the 
sporozoites, the cover glass is lifted and both the slide and the 
cover glass are allowed to dry. Treated with absolute methyl al¬ 
cohol for a few minutes, washed in distilled water and stained 
with Giemsa, preferably a weaker solution than the one used 
for blood smears if one attempts to demonstrate the sporozoites 
within the gland. Even then, gland cells usually take a deeper 
stain and obliterate the contained sporozoites. Isolated sporo¬ 
zoites, however, could easily be identified as slender, usually 
bent, spindles at least 10 microns in length, often much longer, 
with tapering ends, blue cytoplasm, and a red nucleus. 

The specimens successfully dissected from September 1 to 
December 31, 1927, and the positives found are distributed as 
to species as shown in Table 1. 

T ABI.E 1 .—Number of mosquitoes dissected , by species . 


Species. 



Number. 

Stomach 

positive. 

Percent 

positive. 

Salivary 

gland 

positive. 

Per cent 
positive. 

Anopheles mtntmui*.. 



*2,283 

10 

0. 83 

8 

ft 35 

Anopheles hyrranus_ 



77 

0 

. 0 

ft 

.0 

Anopheles barbirostrin. 



60 

0 

0 

ft 

.0 

Anopheles rossii _ 



41 

0 

. 0 

ft 

i ° : 

Anopheles karu ari. 



27 

0 

0 

ft 

i 0 i 

Anopheles tessehitus 



5 

0 

0 

ft 

1 o i 

1 Anopheles futiginosus .... 



104 

0 

0 

0 

. 0 1 

Anopheles Philippine uni h 



5 

0 

. 0 , 

ft 

• 0 

Anopheles maeulatus 



1 

0 

ft 

0 

■ 0 1 


i 


From these observations it is evident that Anopheles mini - 
mm.s is a natural vector of malaria in the Philippines. This 
species can be controlled by dusting streams with a mixture of 
Paris green and road dust, so that engineering projects have 
not been shown to be necessary in the control of malaria in the 
Philippines. 

SUMMARY 

1. Circumstantial evidence in about eighty malarious places 
and direct evidence in the second worst of these places, point 
to Anopheles minimus as the natural vector of malaria so far 
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found in the Philippines. It is possible that other species may, 
in certain localities, also transmit malaria under natural condi¬ 
tions, but this has to be shown by further observations. 

2. The percentage of positives for natural infection of A. 
minimus are 0.83 per cent for the stomach and 0.35 per cent 
for the salivary gland. 

3. The findings justify “species control” which limits larval 
control to streams and irrigation ditches breeding A . minimus. 
Engineering projects are not, as far as the present surveys 
indicate, necessary in the control of malaria in the Philippines. 

4. The “wild” nature of A. minimus precludes campaign 
against the adults. Traps have not yet been tried. 
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ILLUSTRATIONS 

fMicroiihotoKraphs by the Bureau of Science.] 

Plate 1 

Fit;. I. Anopheles minimus Theobald; normal stomach, showing contractile 
corrugations of the stomach wall and a small amount of blood. 
Fixed and mounted in 3 per cent formalin. X 100. 

2. Anopheles 'minimus Theobald; stomach with oocyst. Fixed and 

mounted as in fig. 1, but slightly flattened by the weight of the 
cover glass. X 100. 

3. Anopheles minimus Theobald; stomach filled with blood and many 

young oocysts. Fixed in Bouin’s fluid and stained with iron 
ammonium sulphate and haernatoxylin. x 100. 

Plate 2 

Fig. 4. Anopheles minimus Theobald; stomach with four young oocyst; 

fresh, mounted in salt solution, flattened and distorted by the 
cover glass. X 450. 

5. Anopheles minimus Theobald; stomach, showing one more-mature 
oocyst in the center with granular material and distinct cyst 
wall. Fixed in Zenker’s fluid and stained with iron ammonium 
sulphate and haematoxylin. x 1000. 

Plate 3 

Fig. 0. Anophcls minimus Theobald; the same specimen as that of fig. o, 
showing the matured cysts and sporozoites. 

7. Anopheles minimus Theobald; salivary gland, showing sporozoites. 

Fixed in formalin and stained with hamiatoxylin-eosin. X GOO. 
H. Anopheles wnrimus Theobald; a loin* of the salivary gland, show¬ 
ing most of the cells filled with sporozoites. Fixed in absolute 
alcohol and stained with iron ammonium sulphate and haema- 
toxylin. x 1000. 


Plate 4 

Fig. 0. Anopheles minimus Theobald; isolated sporozoites from a ruptured 
lobe of the salivary glands. Fixed in Zenker’s fluid and stained 
with Delafield haematoxylin. x 1000. 

10. Domestic (.'ulrs t section of the thoracic ganglion. Fixed in alcohol 
and stained with hamiatoxylin-eosin, showing the nuclei of the 
neurones which Banks mistook for sporozoites. 
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NEW PHILIPPINE PLANTS 

By Eduardo Quisijmbinc ‘ 

[iotanint, Bureau of Science, Manila 
and 

Elmer D. Merrill 

Of the Univentity of California, Berkeley 

FOUR PLATES 

In the following contribution one new genus and seventy-two 
new species, representing thirty-two families, from recent collec¬ 
tions made in various parts of the Philippines, arc described. 
The genus Alseodaphne, of the Lauracea.% is credited to the Phil¬ 
ippines for the first time as well as the following three species, 
the first of which was originally described from Borneo: I.rora 
tcnelliflora Merrill, Hoehincria malabarica (Wallich) Weddell, 
and Torenin cordifolia Roxburgh. A few notes on nomenclature 
are included, especially in the Tiliacesc. 

Unless otherwise indicated in the text, the actual types of the 
new species described are deposited in the Bureau of Science 
herbarium, Manila, with isotypes in the herbarium of the Uni¬ 
versity of California. In a few cases the types are in the Uni¬ 
versity of California herbarium, with isotypes in the Bureau of 
Science. As far as additional duplicates are available, material 

1 This investigation was carried out at the University of California 
under a National Research Council Fellowship in the Biological Sciences 
11)20 11)28, and while on leave as Assistant Professor of Plant Physiology, 
College of Agriculture, University of the Philippines. 
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will be sent to several of the larger European and American her¬ 
baria. The drawings were made by the senior author. 

PANDANACE7E 

Genus PAN DAN US Linmeus 

PANDANUS NOBILIS sp. nov. § Keura. Plate 1. 

Frutcx 2 ad 4 m altus, ramosus; foliis 2 ad 3 m longis, 8.5 ad 
12 cm latis, rigidis, longe attenuatis, supra nitidis, subtus glau- 
cis, margine spinulosis, costa subtus denticulata, ncrvis lateral- 
ibus supra in partibus superioribus denticulatis; syncarpiis 
solitaries, ellipsoideis, pendulis, circiter 27 cm longis, 16 cm 
diamctro; drupis numerosis, 8- ad 12-locel latis, oblongis vel 
oblongo-obovoideis, 5 ad 6.5 cm longis, 3.2 ad 5 cm diametro, 
hexagonis, truncatis, loculis irregulariter dispositis, subpyrami- 
dalis, sulcis interlocularibus haud profundis; stigmatibus erectis, 
suborbicularibus ad rcniforrnibus, 1 ad 2.5 mm diametro. 

A shrub or small tree, 2 to 4 m high, the stem about 10 cm in 
diameter with 5 or 6 branches. Leaves 2 to 3 m long, 8.5 to 
12 cm wide, rigid, long attenuate, shining above, glaucous be¬ 
neath, the marginal spines very numerous, the midrib spiny on 
the lower surface, the spines becoming more numerous toward 
the apex, the lateral nerves at the apex on the upper surface 
denticulate. Syncarps ellipsoid, about 27 cm long, 16 cm in 
diameter, solitary, pendulous, their peduncles up to 60 cm long, 
stout, up to 4 cm in diameter below. Drupes numerous, oblong 
or oblong-obovoid, red when fresh, 5 to 6.5 cm long, 3.2 to 5 cm 
in diameter, the free portions 6-angled, the apex truncate, locules 
irregularly disposed, their tips somewhat pyramidal, the furrows 
between the locules shallow; stigmas erect, suborbicular to reni- 
form, 1 to 2.5 mm in diameter. 

Luzon, Tayabas Province, Casiguran, Bur. Sci . 45568 Ramos 
aud Edam (type), May 5, 1925, along streams in damp forests 
at low altitudes: Isabela Province, San Mariano, Bur. Sci. 46752 
Ramos and Eda-no, March, 1926, along forested streams, altitude 
about 400 meters. 

A species belonging in the group with Pandanus cjaltatus 
Planeo, differing in its larger drupes and much larger syncarps. 

PANDANUS UMUONATUK np. nov. $ VinHoni*. 

Frutex erect us, parce ramosus; foliis 1.65 ad 2.2 m longis, 
3 ad 5.6 cm latis, rigidis, cras.se coriaceis, pallidis, sursum angus- 
tatis, acutis, vix acuminatis, rnargine spinulosis, subtus glaucis; 
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syncarpiis 2 ad 4, ellipsoideis ad subglobosis, racemose disposi- 
tis, 7.5 ad 11.7 cm longis, G.5 ad 8.5 cm diametro, scssilibus vel 
breviier pedunculatis; drupis 20 ad 30, obovoideis vel oblongo- 
obovoideis, 3.1 ad 4.3 cm longis, 2 ad 2.8 cm diametro, 5- vel 
6-gonis, 5- ad 8-locellatis, apice perspicue umbonatis, umbo 6 
ad 10 mm diametro. 

An erect shrub, the stem 3 to 4 cm in diameter, with few, 
usually 2 or 3, branches. Leaves 1.65 to 2.2 m long, 3 to 5.6 
cm wide, rigid, thickly coriaceous, pale when dry, glaucous be¬ 
neath, narrowed upward, acute, scarcely acuminate, marginal 
spines somewhat distant, ascending, the midrib spines on the 
lower surface prominent, recurved. Infruetescence terminal, 
pedunculate, the peduncle 23 to 20 cm long, 3-angled. Syncarps 
2 to 4, ellipsoid to subglobose, 7.5 to 11.7 cm long, 6.5 to 8.5 cm 
in diameter, sessile or peduncled, the peduncles up to 2.5 cm long. 
Drupes 20 to 30 in each syncarp, 5- to 8-celled, obovcid or oblong- 
obovoid, 3.1 to 4.3 cm long, 2 to 2.8 cm in diameter, the upper 
one-half free?, narrowed below, apex prominently umbonate, the 
umbo 6 to 10 mm in diameter, 5- or 6-angled, the locules irreg¬ 
ularly disposed, the; apical furrows shallow and usually not con¬ 
spicuous; stigmas sessile, plane, orbicular to somewhat reniform, 
0.75 to 1.5 mm in diameter. 

Luzon, Jsabela Province, San Mariano, Pur. Sci. 46907 (type), 
4699$ Ramos and Edaho, February 22, 1926, in damp forests, at 
600 meters altitude; Mount Moises, Bur . Sci. 47347 Ramos and 
Edaho , abundant along streams in damp forests, altitude about 
800 meters. 

This species is characterized by its rigid glaucous leaves, its 
racemose syncarps, and its umbonate drupes. 

URAMINEiE 

Genus PANICVM Linn«eus 
PANICUM ANCYI.OTRICIIUM up. nov. Plate 2. 

Subscandens, parce ramosis, saltern 1 m altis, culmis 2.5 ad 3 
mm diametro, spiculis ligulisque exceptis glaber; vaginis quam 
internodis brevioribus; laminis lineari-lanceolatis, attenuatis, 7 
ad 13.5 cm longis, 2.5 ad 7 mm latis, glabris, margine scaberulis; 
paniculis angustis, pauci ramosis, 7.5 ad 17.5 cm longis, ramis 
adcemlentibus, remotis, inferior!bus, usque ad 4 cm longis; spi¬ 
culis anguste oblongo-ellipsoideis, acutis, circiter 3.5 mm longis, 
pedicel]is usque ad 4 mm longis, glumis II et TIT pilis numerosis 
uncinatis instructis, I puberulis. 
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Culms subscandent, slender, wirelike, at least 1 m high, 2.5 
to 3 mm in diameter below, lew-branched, glabrous, smooth, the 
nodes glabrous; sheaths glabrous, shorter than the internodcs; 
ligule small, densely ciliate; leaf blades linear-lanceolate, atten¬ 
uate, 7 to 13.5 cm long, 2.5 to 7 mm wide, glabrous, the margins 
scab'erulent. Panicles narrow, 7.5 to 17.5 cm long, the branches 
few. ascending, glabrous, remote, slender, the lower ones up to 
4 cm long. Spikelets few, sessile and pedicelled, the pedicels 
up to 4 mm long, oblong-ellipsoid, acute, about 3.5 mm long; 
the first glume shorter than the spikelet, ovate-lanceolate, acute, 
puberulent, 3-nerved, about 2 mm long; the second and the third 
glume subequal, covered with numerous slender hooked hairs, 
narrow oblong-elliptic, acute, the third one 5-nerved, 3 to 3.25 
mm long, the second 7-nerved, about 3.5 mm long; flowering 
glume glabrous, shining, narrowly oblong-ellipsoid, about 3 mm 
long, narrowed to the acute apex, minutely apiculate. 

Mindanao, Davao Province, Mati, Bur. Sci. J t 9069 Ilamoe and 
Kda.no, April 9, 1927, along Dawan River, in thickets and forests 
and in the open, at low altitudes. 

A unique species totally different from all hitherto known 
Philippine forms, specially characterized by its second and third 
glumes being densely covered with slender hooked hairs, as well 
as by its habit. A specimen was sent to Prof. A. S. Hitchcock 
who reports that it represents a species not matched in the 
United States National Herbarium and that it appears to fall 
in the genus Panicnm in the restricted sense, it differs from 
the other species of Panicinn sensu strictiore in the character¬ 
istic uncinate hairs of the second and the third glume, yet from 
this character alone it hardly seems warranted to segregate it 
as a distinct generic type. 

ARACE/E 

Genus SCHISMATOGLOTTIS Zollinger and Moritzi 

S< HISMATOGLOTTIS ( ARDIOPHYM.A ap. nnv. 

Caudiculi hypogaei, 1.3 ad l.G cm diametro; foliis late cordato- 
ovatis, oo ad 38 cm longis, 22 ad 24 cm latis, breviter acute acu- 
minatis, basi profunde cordatis, lobis late rotundatis, 5.5 ad 9 
cm longis, <) ad 11.5 cm latis, supra olivaceo-viridibus, subtus 
pallidis, glaucescens, utrinque glabris; nervis lateralibus utrin- 
que numcrosis, perspicuis; petiolo 24 ad 39 cm longo, vaginis 
16 ad 23 cm longis; infloresccntiis 7 ad 9; bracteis numerosis, 
11 ad 14 cm longis, linearilanceolatis, attenuatis, acutis; pedun- 
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culis valde elongatis, 12 ad 15 cm longis; spathis oblongo-lan- 
ceolatis, longe acuminatis, albidis, 6 ad 7.5 cm longis; spadieis 
stipitatis, partibua 9 circiter 1.5 cm longis, circiter 2.1 cm 
longis, partibua stcrilibua cylindraceis, conicis, obtusis, usque ad 

1.5 cm longis; baccis 2 ad 2.25 mm longis, 1.25 ad 1.75 mm latis, 
oblongis, striatis, flavidis. 

Stem 1.2 to 1.6 cm in diameter. Leaves broadly cordate-ovate, 
33 to 38 cm Ion#, 22 to 24 cm wide, shortly and acutely acumi¬ 
nate, base deeply cordate, the lobes broadly rounded, 5.5 to 9 
cm long, 9 to 11.5 cm wide, olivaceous-green above, paler and 
glaucous beneath, glabrous on both surfaces; lateral nerves nu¬ 
merous on each side of the midrib, prominent ; petioles 24 to 39 
cm long, the sheathing parts 16 to 23 cm in length. Inflores¬ 
cences 7 to 9, the bracts numerous, 11 to 14 cm long, linear- 
lanceolate, acutely attenuate; peduncles 12 to 15 cm long. Spathes 
oblong-lanceolate, long acuminate, white, 6 to 7.5 cm long. 
Spadix stipitate, up to 4.5 cm long, the pistillate portion up to 

1.5 cm long, the staminate part contiguous to the pistillate, up 
to 2.1 cm long, the sterile portion cylindric, conic, blunt, up to 

1.5 cm long. Fruits 2 to 2.25 mm long, 1.25 to 1.75 mm in dia¬ 
meter, oblong, conspicuously striate, yellowish. 

Luzon, Tayabas Province, Casiguran, liar. Sei. 4ads? Ramos 
and Edaho , June 11, 1925, along streams in damp forests, at low 
altitudes. 

A species in the group with Schismatoglottis calyptrata 
(Roxburgh) Zollinger and Moritzi and apparently near N. luzo- 
nensis Engler. It differs from the latter by its smaller leaves 
longer spathes, longer and larger spadix, shorter stamens, and 
oblong staminodes. The very long sheaths are conspicuous in 
this species. 

TACCACE.E 

(ienus TACCA Forster 

TACCA ELMEKI Kraus*. 

Taccu chtu ri Krause in Elm. I.eafl. But. 6 (11)14) 22S.'l; Merrill, 
Enum. Philip. FI. PI. 1 (1925) 214: I.imprecht in Pflnnzenrcich 92 
(1928) 25. 

Taera angustilobata Merrill in Philip. Journ. Sci. 29 (1920) 350. 

Palawan {Elmer 12 6*5.9, Weber 1522). Sulu Archipelago, 
Jolo, Keinholz s. n.; Tawitawi (Warburg 14989). British North 
Borneo, Banguey Island, Castro and Melegrito 1298 (type of 
Tacca angustilobata Merrill) North Borneo ( Amdjah 940). 
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This species is recorded chiefly in connection with the reduc¬ 
tion of Tacca anijustilohata Merrill, which, by comparison of de¬ 
scriptions, manifestly represents the same species at Tacca 
elmeri Krause. 

TACCA VKSIC ARIA Blanco. 

Tunut resicurut Hi.anco, FI. Filip. (1837) 261. 

Tacca palmata Ri.anco, FI. Filip, od. 2 (1845) 182, cd. 3, 1 (1877) 
325; Merrill, Interpret. Herb. Amb. (1917) 145, Sp. Hlaneoanae 
(1918) 100, Enum. Philip. FI. PI. 1 (1923) 214, non Plume. 

Tacca rmnphii Sr HAUER in Nov. Act. Acad. Nat. Cur. 19 Suppl. 1 
(1843) 442; Limprecht in Pflanzenroich 92 (1928) 24. 

Common and widely distributed in Luzon; also occurring in 
Celebes, Bouton, Amboina, and the Palau Islands. 

Limprecht,' in his recent monographic treatment of this group, 
considers that Tacca palmata Blurne is distinct from T. rumphii 
Schauer, confining the former to Java, Sumatra, and Nusa Kam- 
hangan, with a variety (boruccnsis) in Borneo. In this he is 
doubtless correct, but we cannot agree with him as to the specific 
name of the Philippine form, as he retains Schauer’s Tacca 
rtnnphii of 1843, although Blanco’s T. vcsicaria antedates it by 
six years. Under all rules of nomenclature Blanco’s specific 
name stands. 

The form from Panay and the Calamian Islands (Coron) dis¬ 
tributed by Merrill as Tacca palmata Blume, Limprecht * refers 
to Tacca fa tsii folia Warburg, a species otherwise known only 
from Celebes. 

ZINUIBERACE^E 

(ienus IiAN(Jl T AS Koenig 

LANOUAS PKNDULA np. nov. MubgonuH Proholooalyx. 

Herba erocta; foliis chartaeeis, breviter (usque ad 8 mm) 
petiolatis, oblongis, usque ad 52 cm longis, 15 cm latis, glabris, 
margine ciliatis, acute aeuminatis, basi late acutis; ligula obtusa, 
biloba, circiter 6 mm longa, dense ciliata; racernis terminalibus, 
pendulis, laxis, multilloris, usque ad 35 cm longis; bracteis rninu- 
tis, acutis, 1 ad 3 mm longis; rachis densissime pilosis; floribus 
fasciculatis, fasciculis remotis, pcdicellis usque ad 22 mm longis; 
calycibus tubulosis, spathaceis, dense minute puberulis, 10.5 ad 
11.5 mm longis, 4 ad 4.5 mm diametro, inaequaliter 3-lobatis, 
lobis 2 ad 4 mm longis; corollac tubo 0 ad 10 mm longo, extus 

J Taceaceae. PHanzcnroich 92 (1928) 1-32, figs. 15. 

2 Op. dt. 23. 
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glabro, lobis extus minute puberulis, oblongis, obtusis, usque ad 
10 mm longis, 4.5 mm latis, labcllum obovatum, breviter bilo- 
batum, margine dentatum, usque ad 8 mm longum, 6 mm latum; 
anfheris planis, conncctivi appendicula 0; ovarium glabrum; 
fructibus globosis, glabris, circiter 1.8 cm diametro. 

An erect herb about 2 m high. Leaves chartaceous, shortly 
(5 to 8 mm) petiolate, oblong, 19 to 52 cm long, 6 to 15 cm wide, 
acutely acuminate, the base broadly acute, glabrous and almost 
gray on both surfaces, somewhat shining above, more or less 
glaucous beneath, margins ciliate; ligules coriaceous, obtuse, 
bilobed, about 6 mm long, densely ciliate. Racemes terminal, 
pendulous, lax, many-flowered, the flowering portion about 35 
cm long, the peduncles 8.5 to 11.5 cm long; rachis very densely 
pilose; bracts minute, acute, 1 to 3 mm long. Flowers white, 
in rather remote 4- to 8-flowered fascicles, the pedicels up to 
22 mm long, the upper ones shorter, about 5 mm long. Calyx 
tubular, spathaceous, densely and minutely puberulent outside, 
10.5 to 11.5 mm long, 4 to 4.5 mm in diameter, unequally 3-lobed, 
the lobes triangular, acute, 2 to 4 mm long. Corolla exerted 
from the base of the calyx, glandular and glabrous inside, the 
tube 9 to 10 mm long, glabrous outside, the lobes oblong, obtuse, 
7 to 10 mm long, 2 to 1.5 mm wide, minutely puberulent outside, 
the labellum obovate, recurved, shortly 2-lobed, the margins den¬ 
tate, 7 to 8 mm long, 5 to 6 mm wide. Stamens 6 to 7 mm 
long; anthers plane, about 5 mm long, the cells minutely puber¬ 
ulent, the connective at the apex not enlarged. Ovary glabrous, 
globose; stigma obconic, ciliate. Fruits glabrous, globose, about 
1.8 cm in diameter. 

Bohol, Sevilla, Rnr. Sri. U332H Ramos (type in the herbarium 
of the University of California), September 17, 1923, in thickets, 
altitude about 300 meters; Hilar, Bur. Sri . 17 U Ramos, Sep¬ 
tember 9, 1923, in damp forests, altitude about 700 meters. 

A species belonging in the group with Alpinia orthostarhys 
K. Schumann, of Celebes, differing in its larger, broad, oblong 
leaves, large pendulous inflorescences, and its long pedicellate 
flowers. 

LANfilAS SCORPOIOKA sp. nov. hu Hr onus Diornm/ilpinis. 

Herba erecta, circiter 2 m alta; foliis chartaeeis, sessilibus, lan- 
ceolatis, 22 ad 34 cm longis, 2 ad 3.3 cm latis, utrinque glabris, 
apice attenuatis, acutis, basi rotundatis; ligula rotundata, cir¬ 
citer 1 mm longa; paniculis pedunculatis, terminalibus, scorpoi- 
deis, 11.5 ad 21.5 cm longis, cincinnis 3 ad 5, alternatim disposi- 
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tis, spieatis, sessilibus, scorpoideis, densis, 6 ad 12.5 cm longis, 
multifloris; bracteis bracteolisque persistentibus, perspicuis. 
apice ciliatis, bracteis cucullatis, lanceolatis, 2.5 ad 3.5 cm longis, 
bracteolis imbricatis, 1.5 ad 2.5 cm longis; floribus pedicellatis, 
campanulatis, 4 ad 4.5 cm longis, pedicellis pubescent! bus, 2 ad 

2.3 cm longis; calvcibus tubulosis, spathaceis, 1.8 ad 2.2 cm 
longis, apice 2- vel 3-lobatis, lobis acutis, 4 ad 5 mm longis; 
corolla exorta, rosoo-alba, tubo 1.5 ad 2 cm longo, lobis inaequa- 
libus, majoribus late ovatis, rotundatis, usque ad 1.9 cm longis, 
1.6 cm latis, lateralibus ovatis, obtusis, usque ad 1.8 cm longis, 

1.3 cm latis; antheris oblongis, molliter pilosis, 1 ad 1.2 cm longis, 
connective brevitcr appendiculato, 1 mm longo; fructibus gla- 
bris, oblongo-obovoideis, usque ad 4 cm longis, 2.2 cm diametro. 

An erect herb about 2 m high, the stems including the sheaths 
less than 1 cm in diameter. Leaves chartaccous, alternate, lan¬ 
ceolate, sessile, 22 to 34 cm long, 2 to 3.3 cm wide, the upper 
ones 12.5 cm long, 1.5 cm wide, narrowed to the slender acute 
apex, the base rounded, glabrous and shining on both surfaces, 
pale olivaceous-gray above, paler beneath; ligules chartaccous, 
rounded, about 1 mm long. Inflorescences terminal, peduncu¬ 
late, scorpoid, 11.5 to 21.5 cm long; the cine in me 3 to 5, alter¬ 
nately arranged on the rachis, sessile, cylindric, dense, scorpoid, 
spieate, 6 to 12.5 cm long; bracts and bracteoles conspicuous, 
persistent, cucullate, lanceolate, glabrous except the pubescent 
tips, the bracts 2.5 to 3.5 cm long, the bracteoles 1.5 to 2.5 cm 
long; the pedicels densely black-pubescent, 2 to 2.3 cm long. 
Flowers numerous and crowded on the cincinnae, campanulate, 
pinkish white, 4 to 4.5 cm long. Calyx in bud cylindric, lanceo¬ 
late, acute, in anthesis tubular, spathaeeous, 1.8 to 2.2 cm long, 
when spread about 1.5 cm wide at the middle, split about one- 
half to the base, the apex with 2 or 3 subequal acute teeth, 4 
to 5 mm long, glabrous except the pubescent tips, 20- to 22- 
nerved. Corolla exerted, the tube 1.5 to 2 cm long, glabrous 
throughout except near the lobes, cylindric, somewhat enlarged 
upward and nearly 4 mm wide at the apex; the lobes unequal, 
sparsely and minutely puberulent outside, glabrous inside, the 
central one broadly ovate, rounded, 1.8 to 1.9 cm long, 1.3 to 
1.6 cm. wide, the lateral ones ovate, obtuse, 1.7 to 1.8 cm long, 
1 to 1.3 cm wide. Filaments stout, very much shorter than the 
anthers; anthers oblong, softly pilose, 1 to 1.2 cm long, 3.5 to 4 
mm wide at the apex, the connective slightly crested, 1 mm long. 
Staminodes triangular, acute, densely and minutely puberulent, 
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about 2 mm long. Ovary sparsely puberulent, oblong-obovoid, 
3-eelled, 7 to 9 rum long, 3 to 3.5 mm in diameter; style filiform, 
softly pilose, 2.5 to 2.6 cm long; stigma clavate, pubescent. 
Fruit oblong-obovoid, somewhat angled, up to 4 cm long, 2.2 
cm in diameter, glabrous. Seeds numerous, light reddish brown, 
smooth, with several faces, 3.5 to 4 mm long, about 3 mm in 
diameter. 

Mindanao, Davao Province, Mati, Bur. Sci. 48947 Ramos and 
Edaho , April 16, 1927, along streams in forests at low altitudes. 

This species belongs in the subgenus Dieralmalpinia but we 
are uncertain to which of the described sections of Schumann it 
belongs. It is characterized by its seorpoid many-flowered in¬ 
florescences and its long, cylindric, dense spicate, sessile, conspic¬ 
uously bracteate cincinna*. 

MORACE/E 

(lenus FICUS Tournet'ort 
FICUS CASIGUKANKNSIS h P . mov. § Covcllia. 

Arbor parva, circiter 5 m alta; ramulis dense hirsutis; foliis 
alternis, oblongo-obovatis, usque 29 cm longis, 14 cm lutis, supra 
scaberrimis, subtus plus minusve hispidis, acuminatis, basi cor- 
datis; petiolis usque 7 cm longis; receptaculis in ramis speciali- 
bus elongatis caulinis saltern 40 cm longis dispositis; receptaculis 
pedicellatis, fasciculatis, vel in ramulis brcvibus dispositis, obo- 
voideis, 1.2 ad 1.6 cm longis, ext us dense ciliato-hirsutis. 

A small tree, about 5 m high; tin' branchlets densely hirsute, 
with stiff, brown, long, straight hairs, terete or slightly angled, 
about 7 mm in diameter. Leaves alternate, long petiolate, equi¬ 
lateral, oblong-obovate, ehartaeeous, olivaceous, dull, 19 to 29 
cm long, 10 to 11 cm wide, scabrous on both surfaces, especially 
on the upper, the midrib and nerves on both surfaces hirsute or 
hispid, shortly acuminate, base cordate, margins rather finely 
serrulate, lateral nerves 9 or 10 on each side of the midrib, 
prominent, reticulations distinct ; petioles densely hirsute, 3.5 to 
7 cm long; stipules lanceolate, acutely acuminate, ehartaeeous, 
cinereous, densely hirtellous except on the back below, 1.5 to 2 
cm long. Inflorescence from the trunk, simple, either pendu¬ 
lous or spreading on the ground from the base of the tree, some¬ 
times emitting rootlets, at least 40 cm long and probably much 
longer, the rachis 6 to 8 mm in diameter, rugose, nearly glabrous. 
Receptacles fascicled at the nodes or on stout lateral branches, 
2 to 3 cm in length, obovoid, pedicellate, 1.2 to 1.6 cm long, 
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covered with dense, brown, still hairs; pedicels up to 7 mm long, 
densely hirsute, bracts ?> at the base of the receptacle, ovate, 
acute, about 3 nun long. Inside of the receptacle somewhat 
ciliate. Fertile female flowers pedicelled, their perianth seg¬ 
ments probably abortive or early deciduous; pedicels about 1.5 
mm in length, slightly ciliate at the base; ovary obovoid, about 
0.5 mm in diameter; styles 0.75 to 1 mm in length. 

Luzon, Tayabas Province, Casiguran, Bur. Sci. 4 5 3 }.>’ Ramos 
and Id hi no. May 12, 1925, along streams in forests, at low alti¬ 
tudes. 

A species belonging in the group with Ficus Icalint/aensis 
Merrill, but more pubescent, with cordate leaves and larger, 
densely hirsute receptacles. 

URTICACE/E 

Genus ftOEHMKKIA Jacquin 

HOEHMKKIA MALABAR1CA (Wallich) Weddell. 

Rnehmvria main harira (Wallich) WEDDELL in Arch. Mils. Hist. Nat. 

Paris 8 (1855-56) 355; pe Condollk, Prodr. 16 1 (1869) 203; 

F.-V 1LLAK, Novis. App. (1880) 201. 

Urtim malubtirira Wat.ltch, Cat. No. 4010. 

Mindanao, Davao Province, Mati, Bar. Sri . 4Sthis Ramos and 
Edavo , April 15, 1927; Mayo (Bugak), Bar. Sci. f d)5U> Ramos 
and Edano, May 28, 1927, along forested streams at low altitudes. 

A species previously reported from the Philippines by Fer- 
nandez-Villar. It is doubtful whether or not he really had this 
form, and for this reason the species was not admitted as a 
Philippine one in Merrill’s Enumeration of Philippine Flowering 
Plants 2 (1928) 91. India to Ceylon and Java. 

Genus ELATOSTKM A Forster 
ELATOSTKMA KOHOLENSIS *p. nov. 

Ilerba dioica, caulis deorsum prostratis, hirtellis, angulatis, 
hand vel parce ramosis; foliis subsessilibus, membranaceis, line¬ 
aris, 2.7 ad 5.7 cm longis, 0.4 ad 0.7 cm latis, subtus in siccitate 
fuscis, ad costa nervisque hirtellis, supra olivaccis, cystolithis 
numerosis instruetis, apice attenuatis, subacutis, basi inaequila- 
teralis uno latere anguste rotundatis altero auriculatis, margine 
undulatis; receptaculis 9 sessilibus, solitariis, 8 ad 5.5 mm dia- 
metro. 

Stems simple or sparingly branched, prostrate below, 26 to 
87 cm long, the younger ones especially densely hirtellous, slen- 
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der, 1 to 2 mm in diameter, somewhat angled. Leaves subses- 
sile, membranaceous, narrowly linear, 2.7 to 5.7 cm long, 0.4 
to 0.7 cm wide, apex subacute, base inequilateral, narrowly 
rounded on one side, aurieulate on the other, margins undulate, 
the upper surface olivaceous, supplied with numerous cystoliths, 
glabrous, the lower surface brown, densely hirtellous on the costa 
and nerves; lateral nerves somewhat, prominent, distant, spread¬ 
ing at right angles, 12 to 20 on each side of the midrib; petioles 
very short, 1 to 2 mm long; stipules membranaceous, linear, 
acuminate, 2 to 8.5 mm in length. Pistillate receptacles sessile, 
solitary, 2 to 5.5 mm in diameter, the outer pairs of bracts fused 
in the basal half or free only near their apices, oblong, sub- 
pellucid, 3 to 3.25 mm long, the next pair of bracts triangular- 
ovate, acute, ciliate on the back and on the margin, 1.5 to 2.5 
mm long; bracteoles lanceolate, acute, about 2 mm long, ciliate; 
flowers very shortly pedicellate, perianth lobes 8, very minute; 
achenc oblong, about 0.5 mm in length. 

Bohol, Valencia, Bur. Sci. Ud003 Ramos, (type in the her¬ 
barium of the University of California; isotype in the herbarium 
of the Bureau of Science, Manila), October 3, 1923, in damp 
forests, altitude about 600 meters. 

The species has considerable resemblance to K lain sterna an- 
(jnstatum Merrill, but differs in its pubescent stem, in its leaves 
with aurieulate bases, the margins undulate, not serrate, and 
with numerous cystoliths on the upper surface. 


OLACACE/E 

(Jenus KKYTHROPALUM Blumc 

ERYTHROi* ALUM TRIANDRUM up. nov. 

Frutex scandens, inllorescentiis paree pubescentibus exceptis 
glaber; foliis ovatis ad oblongo-ovatis, chartaceis ad subcoria- 
ceis, usque ad 16.5 cm longis, 9 cm latis, acute acuminatis, basi 
subacutis ad subcordatis, supra nitidis; inflorescentiis laxis, 
usque ad 35 cm longis; braeteis subulatis, circiter 1 mm longis, 
bracteolis minutis; iloribus dioiceis, 6 ad 7 mm longis, pedicellis 
minute puberulis; calycibus glabris, obscure 1- vel 5-denticulatis, 
8 ad 3.5 mm longis; corolla glabra, profunde 5-lobata, lobis 
oblongo-lanceolatis, acutis, 5 ad 6.5 mm longis; staminibus 3, 
antheris oblongis, circiter 8 mm longis; filamentis circiter 1.5 
mm longis; staminoideis 0. 

A scandent shrub, the branches subterete, glabrous, canalicu¬ 
late, about 2 mm in diameter. Leaves ovate to oblong-ovate, 
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chartaceous to subcoriaccous, 9 to 16.5 cm long, 4 to 9 cm wide, 
narrowed to the acutely acuminate apex, the base subacute to 
subcordate, the younger ones pale reddish brown, the older ones 
straw-colored, glabrous on both surfaces, shining on the upper 
surface, nerves 5 to 7 on each side of the midrib, the lower ones 
originating from the base of the midrib, prominent, ascending; 
petioles 1.5 to 2 cm long; tendrils bifid. Inflorescence axillary, 
lax, many-flowered, up to 37 cm long, the peduncle 2.5 to 6.5 
cm long, glabrous; branchlets minutely puberulent; bracts sub¬ 
ulate, about 1 mm long. Flowers apparently dioecious, pale 
brown, 6 to 7 mm long; bracteoles minute; the pedicels minutely 
puberulent, slender, 1.5 to 4 mm long. Calyx glabrous, obconic, 
obscurely 4- or 5-toothed, 3 to 3.5 mm long, 5 to 6 mm in dia¬ 
meter. Corolla glabrous, deeply 5-parted, the lobes erect, fleshy, 
oblong-lanceolate, acute, 5 to 6.5 mm long. Stamens 3; anthers 
oblong, about 3 mm long, 1.5 to 1.75 mm in diameter; filaments 
flattened, about 1.5 mm long, glabrous. Staminodes 0. 

Mindanao, Davao Province, Mati, Bur. Sci. A!)09(1 Ramos and 
Edauo, March 26, 1927, along forested streams at low altitudes. 

This unique species has the vegetative characters of Erythro- 
palum acandem Blume but transcends the limits of the genus 
as at present, defined in its floral characters. It is strongly 
characterized by the presence of three stamens only and the 
absence of staminodes. It may perhaps represent a new generic 
type near Erythropalum, but in the absence of female flowers 
it has been thought best to place it here. 

MYRISTICACE^ 

Genus KNKMA Loureiro 
KNKMA t'KNABKECI up. nov. Plate 3. 

Arbor eirciter 16 m alia, ramulis den so breviter forrugineo- 
pubescentibus, ramis glabris vel subglabris; foliis oblongis, sub- 
coriaceis, 15 ad 24 cm longis, 3 ad 6 cm latis, apice acuminatis, 
basi plerumque rotundatis, supra glabris, nitidis, olivaccus, sub- 
tus glaucis, glabris vel junioribus deorsum ad costa nervisque 
dccidue ferrugineo-pubescentibus, nervis utrinque 21 ad 28; 
floribus t ? numcrosis, fasciculatis, axillaribus et in axillis de¬ 
foliates, 4 ad 6 mm diametro, extus dense ferrugineo-pubescen- 
tibus, intus glabris, pedicellis quam floribus duplo longioribus; 
disco stamineo unbonato, sessile, eirciter 2 ad 3 mm diametro; 
antheris 12 ad 16 ferentibus. 
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A tree about 16 m high, the branches glabrous, pale brown, 
terete, about 4 mm in diameter, the branchlets densely ferrugi¬ 
nous-pubescent, 2 to 3 mm thick. Leaves oblong, subcoriaceous, 
15 to 24 cm long, 3 to 6 cm wide, acuminate, base mostly rounded, 
the upper surface olivaceous, shining, glabrous, the lower sur¬ 
face brownish, glaucous, glabrous, or the midrib in the lower 
part and the lower nerves more or less pubescent with ferrugi¬ 
nous deciduous hairs; lateral nerves 21 to 28 on each side of the 
midrib, very prominent on the lower surface, curved toward 
the margin, the primary reticulations slender, subparallel; peti¬ 
oles densely ferruginous-pubescent when young, becoming gla¬ 
brous in age, 8 to 14 mm long. Staminate flowers more or 
less obovoid, axillary, and in the axils of fallen leaves, 8 to 14 
in a fascicle, brown, 4 to 6 mm in diameter, together with the 
5- to 9-mm-long pedicels, densely ferruginous-pubescent; pe¬ 
rianth lobes orbiculale-ovate, indexed, about 3 mm long, pubes¬ 
cent without, glabrous within; staminal disk sessile, umbonate, 
2 to 3 mm in diameter, bearing from 12 to 16 0.5-mm-long 
anthers radiating from the margin. 

Palawan, Dumaran Island, For. Bur. 29973 Cenabre, July 28, 
1925, in damp forests at low altitudes, aiong Linuatan Creek; 
local name, dago manok (Cuy.). 

A species apparently most closely allied to the Bornean Knew a 
korlhalsii Warburg, from which it is distinguished by its umbo¬ 
nate staminal disk and in its more-numerous stamens. 

MONTMIACEA5 

Onus MATTHAEA Plume 

MATTIIAEA 1IKTKKOPHVI.I.A nuv. 

Frutcx glaber; ramulis laevis; foliis oblongo-ellipticis ad 
oblongo-lanceolatis, 9 ad 16 cm longis, 2.4 ad 4.5 cm latis, acute 
acuminatis, basi acutis, subcoriaceis, integris, utrinque glabris 
nitidisque; nervis lateralibus utrinque 8 ad 10; infructesccntiis 
terminalibus, pedunculatis, pedunculis 1.8 ad 2 cm longis, sub- 
glabris ad sparse pubescentibus; receptaculis coriaceis, pubescen- 
tibus; drupis ellipsoideis, nitidis, nigris, glabris vel parsissime 
pubescentibus, 1.8 ad 2.2 cm longis, 1 ad 1.6 cm diametro; 
pedicellis glabris vel parsissime pubescentibus, 0.8 ad 1.3 cm 
longis. 

A shrub, the branches terete, pale, glabrous, the branchlets 
glabrous or the ultimate ones sparingly pubescent with short 
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yellowish white hairs. Leaves elliptic-oblong’ to oblong-lanceo¬ 
late, opposite, 9 to 16 cm long, 2.4 to 4.5 cm wide, acutely acu¬ 
minate, base acute, subcoriaeoous, entire, glabrous except the 
very young leaves which are very sparsely pubescent on both 
surfaces with short, scattered, yellowish white hairs, shining 
on both surfaces, pale olivaceous above, light brown beneath; 
lateral nerves 8 to 10 on each side of the midrib, obscure above, 
distinct beneath, spreading, uniting directly with the arched 
marginal nerves; petioles 1.3 to 2 cm long. Infructescence ter¬ 
minal, pedunculate; the peduncles 1.8 to 2 cm long, subglabrous 
to very sparsely pubescent; receptacles coriaceous, pubescent 
with yellowish hairs, 0.9 to 1.1 cm in diameter. Drupes ellip¬ 
soid, shining, black, glabrous, or near the base sparsely pubes¬ 
cent, 1.8 to 2.2 cm long, 1 to 1.6 cm in diameter; pedicels gla¬ 
brous or very sparsely pubescent, 0.8 to 1.3 cm long. 

Luzon, Isabela Province, Mount Moises, Bur. Sci . 47318 Ka¬ 
mos and Edaho , March 3, 1926, on forested slopes, altitude about 

I , 200 meters. 

This characteristic species is manifestly allied to Matthaea 
el I ipso idea. Merrill, from which it is distinguished by its entire 
leaves, pubescent ultimate branchlets and very young leaves, 
smaller drupes, longer pedicels, and pubescent receptacles. 

Bur. Sci. 47089 Ramos and Edaho from San Mariano, Isabela 
Province, Luzon, probably represents a form of the same species, 
differing in its larger leaves, 17 to 31 by 4.5 to 6.5 cm, and axil¬ 
lary infructescences. 

LAURACE JR 

Genus ALSEODAPIINE Nees 

ALSEODAPIINE IONOIPES up. nov. 

Arbor parva, usque ad 8 m alta, glabra, ramis teretibus, pal- 
lidis; foliis crasse coriaceis, pseudoverticillatim confertis, oblan- 
ceolatis ad oblongo-ellipticis vel oblongo-obovatis, obtusis ad 
acuminatis, basi acutis, supra nitidis, subtus glaucis, 10.5 ad 
24 cm longis, 3 ad 7 cm latis, nervis lateralibus utrinque 10 ad 

II , subtus valde perspicuis, utrinque subfoveolato-reticulatis; 
peliolo 1 ad 2.5 cm longo; infloresccntiis 9 ad 14.5 cm longis, 
pedunculatis; fioribus paucis, subumbellatis, 3 ad 3.5 mm longis; 
segmentis extus glabris, intus pubescentibus; staminoideis 3, 
pubescentibus, 1 ad 1.25 mm longis; ovario globoso, glabro; 
fructibus globosis ad obovoideo-globosis, glabris, 1.5 ad 2 cm 
longis, 1.6 ad 2.5 cm diametro, pedicellis sub fructu incrassatis, 
verrucosis, 2 ad 4.5 cm longis. 
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A small tree, up to 8 m high, glabrous throughout except the 
(lower parts, the branches terete, pale. Leaves pscudoverticel- 
lately crowded at the top, thickly coriaceous, oblanceolate to 
oblong-elliptic or oblong-obovate, obtuse to acuminate, base acute, 
when dry shining and light brown above, glaucous beneath, 10.5 
to 24 cm long, 3 to 7 cm wide; lateral nerves 10 to 14 on each 
side of the midrid, very prominent beneath, impressed above, 
both surfaces rather densely subfoveolate-reticulate; petioles 
thick, 1 to 2.5 cm long, silicate above. Panicles in the upper 
axils, 9 to 14.5 cm long, glabrous; their peduncles 5 to 8.5 cm 
long. Flowers few, creamy yellow, odorless, subumbellate, 3 to 
3.5 mm long, the pedicels slender, 4.5 to 5 mm long, glabrous; 
perianth segments 6, equal, or the outer ones smaller, glabrous 
outside, pubescent inside, the three outer ones ovate, 1.75 to 
2 mm long, 1 to 1.3 mm wide, the three inner ones oblong-ovate 
to ovate-lanceolate, 2.5 to 3 mm long, 1 to 1.25 mm wide; stamens 
9, perfect, in three rows, six of the outer two rows 1.5 to 2.1 mm 
long, eglandular, introrse, three of the innermost row, 1.75 to 
2.25 mm long, glandular, extrorse, the 2 basal glands, minute, 
0.5 to 1 mm long; anthers 4-celled; filaments longer than the 
anthers, pubescent at the base; staminodes 3, prominent, pu¬ 
bescent, 1 to 1.25 mm long, about 0.8 mm in diameter, stipitate, 
ovate; ovary globose, glabrous. Drupe red when fresh, dark 
brown to black when dry, globose to obovoid-globose, 1.5 to 2 cm 
long, 1.6 to 2.5 cm in diameter, their pedicels thickened, reddish 
brown, verrucose, 2 to 4.5 cm long, 0.5 to 0.8 cm in diameter 
when dry, the perianth segments early deciduous. 

Mindanao, Agusan Province, Urdaneta, Cabadbaran, Elmer 
13962 (type), 131,00 , October, 1912, on steep slopes, altitude 
about 1,000 meters, known locally as magywn-tawan (Mbo.). 
Luzon, Isabela Province, Mount Moises, Bur. Sci. 1,7317 Ramos 
and Edaho , March 4, 1926, Clemens 16900 , April, 1926, along 
forested streams, altitude about 970 meters: Nueva Vizcaya 
Province, Mount Alzapan, Bur. Sci. 1,5630 Ramos and Edaho , 
May 21, 1925, on forested slopes, altitude about 1,700 meters: 
Caraballo Mountains, Loiter 13756, March, 1915: Benguct Sub¬ 
province, Tanit, For. Bur. 29387 Lizardo, August 18, 1923. 

The genus, which extends from southeastern China, Borneo, 
.Java, and the Malay Peninsula to Ceylon, is new to the Philip¬ 
pines. This well-marked species may be placed near Alsco- 
daphne insignia Gamble, but differs in its vegetative and fruit 
characters. Elmer’s specimens were erroneously distributed as 
Per sea philip pin ensis Merrill. 
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Genus CINNAMOMUM Blumc 

CINNAMOMUM MICROPHYI.I.UM «p. nov. « M»l»b»thrum. 

Arbor parva, ramulis et foliis junioribus et inflorcsccntiis 
dense molliter grisco-pubescentibus; foliis numerosis, eonfertis, 
coriaccis, oblongo-ellipticis, 2.5 ad 5 cm longis, 0.8 ad 1.8 cm 
latis, supra nitidis, obtuse acuminatis, basi acutis, 3-plinerviis; 
paniculis paucifloris, axillaribus, 3.5 ad 5 cm longis; floribus 
pedicellatis, 3 ad 4 mm longis; staminibus 2 ad 2.25 mm longis, 
filamentis quain anthcris duplo longioribus, pubescentibus; sta- 
minoideis stipitatis, pubescentibus, 1 ad 1.5 mm longis; ovario 
glabro, obovoideo. 

A small tree, the younger branchlets, the lower surface of the 
leaves and inflorescences densely and softly cinereous-pubescent, 
the very old leaves glabrous on both surfaces, the young ones 
more or less pubescent above; branches terete, glabrous, some¬ 
what rugose, 4 to 6 mm in diameter. Leaves small, numerous, 
crowded on the branchlets, coriaceous, oblong-elliptic, 2.5 to 5 
cm long, 0.8 to 1.8 cm wide, obtusely acuminate, base acute, the 
upper surface smooth and shining, the lower rather dull, base 
3 -plinerved, the nerves very prominent on the lower surface, 
not prominent on the upper surface; petioles 3 to 6 mm long, 
densely pubescent when young, in age glabrous. Panicles axil¬ 
lary, 3.5 to 5 cm long, few-flowered, rather densely and softly 
gray-pubescent, their peduncles very slender, 2.4 to 3.5 cm long; 
flowers pedicellate, 3 to 4 mm long, 3.25 to 3.5 mm in diameter; 
externally very densely pubescent; perianth lobes oblong-obo- 
vatc, subacute, 2.5 to 2.75 mm long, 1.5 to 1.75 mm wide; stamens 
2 to 2.25 mm long; filaments densely pubescent, twice as long 
as the ovoid anthers; staminodes stipitate, oblanceolate, acute, 
densely pubescent, 1 to 1.5 mm long; ovary glabrous, obovoid; 
style 1.25 to 1.5 mm long. 

Luzon, Tayabas Province, Mount Alzapan, Bur. Sci. 45092 
Ramon and Edaho, June 7, 1925, in the mossy forest, altitude 
about 1,900 meters. 

A characteristic species readily recognizable by its small, 
crowded, pubescent, oblong-elliptic leaves, and short, few-flow¬ 
ered, pubescent inflorescences. 

CINNAMOMUM TkICIIOrilYI.MJM sp. nov. 

Arbor parva, ramis et subtus foliis et inflorescentiis densis- 
sime molliter pubescentibus; foliis subcoriaceis, oblongo-ellipti- 
cis, 10.5 ad 21.5 cm longis, 3.5 ad 8 cm latis, supra nitidis, acute 
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acuminatis, basi acutis, pcrspicue 3-nerviis ad 3-subplinerviis; 
paniculis paucifloris, terminalibus, 7 ad 9.5 cm longis; floribus 
pedicellatis, 3.5 ad 3.75 mm longis; staminibus eirciter 2 mm 
longis, filamentis quam antheris longioribus, pubescentibus; sta- 
minoideis stipitatis, pubeacentibua, eirciter 1.5 mm longis, sagit- 
tatia; ovario glabro, obovoideo; fructibus ellipsodeis, nigres- 
ccntibus, glabris, eirciter 10 mm longis, 8 mm diamntro, calycibua 
haud inerasaatia, paullo accrescentibus. 

A small tree, the branches, branchlets, the lower surface of 
the leaves, and the inflorescences very densely and softly pubes¬ 
cent with pale cinereous to golden-yellow hairs; branches terete, 
about 3.5 mm in diameter. leaves subeoriaceous, oblong-ellip¬ 
tic, 10.5 to 21.5 cm long, 3.5 to 8 cm wide, acutely acuminate, 
base acute, the upper surface smooth, shining, pale olivaceous- 
brown, the lower surface of nearly the same color, base promi¬ 
nently 3-nerved to 3-subplinerved; petioles very densely pubes¬ 
cent, 6 to 9 mm long. Panicles terminal, few-flowered, 7 to 9.5 
cm long, densely and softly gray to golden-yellow pubescent, 
their peduncles slender, 2 to 5 cm long. Flowers pedicellate, 
3.5 to 3.75 mm long, 3 to 3.5 mm in diameter, the pedicels 4 to 
5 mm long; perianth lobes oblong-ovate, subacute, densely pubes¬ 
cent on both surfaces, 2.5 to 2.75 mm long, about 1.5 mm wide. 
Stamens about 2 mm long, the filaments pubescent, very slender, 
slightly longer than the ovoid anthers; staminodes stipitate, 
about 1.5 mm long, sagittate, the stalk densely pubescent, very 
slender. Ovary glabrous, obovoid; style about 1.25 mm long. 
Fruits ellipsoid, rounded, black, glabrous, about 10 mm long, 
8 mm in diameter; the persistent pubescent perianth never thick¬ 
ened and but slightly enlarged. 

Mindanao, Davao Province, Limot, Bur. Sri. U95S0 Ramos and 
Eduho , May 26, 1927, on slopes in the primary forest, altitude 
about 700 meters. 

A species resembling Cinmtmomum mollissimum Hooker f. in 
its vegetative appearance, differing radically in its pubescent 
perianth, which is not thickened and is but slightly accrescent 
in fruit; differing, also, in its very slender filaments and sagittate 
staminodes. 

HERNANDIACE7E 

Genus ILLIGERA Bin me 

II.LYGGRA OVATIFOLIA ap. nov. § Parviirlandulata*. 

Frutex scandens, inflorcscentiis exceptis glaber; ramis angu- 
latis, laevis; ramulis striatis; foliis trifoliolatis, petiolo 6 ad 10 
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cm longo; foliolis 9 ad 15 cm longis, 5.5 ad 9 cm latis, ovatis vel 
late oblongo-ovatis, apice subabrupte acuminatis, basi rotundatis 
ad subcordatis, nitidis, chartaceis ad subcoriaceis, nervis late- 
ralibus utrinque 6 vel 7, perspicuis; infloresccntiis paniculatis, 
laxis, pendulis, 5.5 ad 19 cm longis; lloribus 4 ad 5 mm longis, 
pedicel 1 is puberulis, 1 ad 2 mm longis; calycibus extus puberulis, 
lobis oblongis vel ovato-lanceolatis, subacutis, 3 ad 4 mm longis; 
petalis oblongo-elliptieis, extus glabris, intus pubescentibus, cir- 
citcr 4 mm longis. Fructibus glabris, cum aliis 3.7 ad 4 cm 
longis, 6.8 ad 8.2 cm latis. 

Scandent, the branches angled, smooth, glabrous, about 5 mm 
in diameter, the branchlets smooth, striate, glabrous except at 
the nodes, which arc more or less pubescent with yellowish, soft, 
short hairs. Leaves 3-foliolate, their petioles glabrous, 6 to 10 
cm long; leaflets 9 to 15 cm long, 5.5 to 9 cm wide, ovate or 
broadly oblong-ovate, subabruptly acutely to obtusely acuminate, 
base rounded to subeordato, glabrous and shining on both sur¬ 
faces, chartaceous to subcoriaceous; lateral nerves 6 or 7 on 
each side of the midrib, anastomosing, prominent beneath, 
somewhat impressed above, the reticulations lax, prominent be¬ 
neath ; petiolules 1.5 to 2.7 cm long, the central one usually longer. 
Panicles pendulous, lax, 5.5 to 19 cm long, subglabrous, the 
branches scattered, 4.5 to 7.5 cm long. Flowers 4 to 5 mm long, 
their pedicels densely pubescent, slender, 1 to 2 mm long; brac- 
teoles ovate-lanceolate, puberulent, 1.5 to 2.25 mm long; calyx 
tube about 1 mm long, pubescent, the lobes 5, oblong to ovate- 
lanceolate, subacute and somewhat indexed at the apex, 3 to 
4 mm long; petals 5, oblong-elliptic, subacute, yellowish green, 
glabrous outside, except near the apex, pubescent inside, about 
4 mm long, 1.5 to 1.75 mm wide; stamens 5, equal, about 2.75 
mm long, anthers erect, oblong, subobtuse, connective rather 
stout, about 1.75 mm long, filaments somewhat compressed, gla¬ 
brous, the nectarine glands minute, sessile, subglobose, carry¬ 
ing on each side near the bast' a staminode up to 1 mm long; style 
filiform; stigma subpeltate, somewhat dilated, lobed. Fruits 
glabrous, shining, including the wings 3.7 to 4 cm long, 6.8 to 8.2 
cm wide, two wings broadly rounded, the other two reduced to 
keels. 

Luzon, Isabela Province, San Mariano, Bur. Sci. 46712 (type), 
47166, Ramos ami Edaiio , February 24, 1926, Clemens 16717 , 
August, 1926. Along streams in damp forests, altitude 300 to 
600 meters. 
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This species is apparently allied to Illigera pulchra Blume, 
from which it may be distinguished by its very differently shaped 
leaves, which are ovate or broadly oblong-ovate; the oblong- 
elliptic, larger petals; glabrous filaments; and much larger 
fruits. 

LEGUMINOS/E 

Genus HA 11H IN IA Linnaeus 

RAIJHINIA (HAU’OBAPTA sp nov. S Phanera. 

Frutex scandcns, inflorcscentiis et ramulis et subtus foliis 
exceptis glaber; foliis suborbiculariovatis, 5.3 ad 7.7 cm longis, 
4 ad 6 cm latis, subcoriaceis, 11- ad 13-nerviis, basi cordatis, 
apicc 2-lobatis, lobis oblongis, obtusis; floribus circiter 4.5 cm 
longis, pedicel 1 is pubescentibus, 1.5 ad 2.5 cm longis; calycis 
tubo elongato, cylindrico, 1.3 ad 1.5 cm longo, circiter 3 mm dia- 
metro, lobis lineari-suboblanceolatis, acuminatis, 1.5 ad 2 cm 
longis; petalis subinaequalibus, cxtus cupreo-tomentosis, intus 
glabris, obovato-lanceolatis, obtusis, 2.7 ad 3.2 cm longis; stami- 
nibus 3; ovario styloque dense pubescenti. 

A scandent shrub, the branches terete, pale, glabrous; leaves 
suborbicular-ovate, 5.3 to 7.7 cm long, 4 to 6 cm wide, subcoria- 
ceous, the upper surface light brown, shining, glabrous, the 
lower surface paler, with very short, shining, appressed yellow¬ 
ish hairs, 2-lobed, the lobes oblong, obtuse, extending about one- 
third to the base, sinus narrow, the base slightly cordate, 11- 
to 13-nerved, the nerves prominent; petioles slender, pubescent, 

1.5 to 2.3 cm long. Racemes terminal, densely pubescent, 4 to 

7.5 cm long; flowers up to 11 in each raceme, about 1.5 cm long, 
greenish yellow, their pedicels pubescent, 1.5 to 2.5 cm long, 
the subtending bracteoles pubescent, ovate-lanceolate, up to G 
mm in length; calyx tube cylindric, slightly narrowed below, 
1.3 to 1.5 cm long, about 3 mm in diameter, pubescent, the lobes 
5, suboblanceolate, acuminate, pubescent externally, 1.5 to 2 cm 
long 3.5 to 4.25 mm wide; petals subequal in length, densely 
cupreo-tomentose externally, glabrous within, obovate-oblanceo- 
late, obtuse, 2.7 to 3.2 cm long, 0.7 to 1.3 cm wide; fertile stamens 
3, the anthers oblong-elliptic, 7 to S mm long, filaments 2.7 to 
2.9 cm long, slender; ovary and style very densely pubescent 
with appressed short cupreous hairs. 

Luzon, Isabela Province, San Mariano, Bur. Sci. Jt72i7 Ramos 
and Edano , March 26, 1926, along streams in open forests, alti¬ 
tude about 650 meters. 
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A species apparently allied to Banhinia warburgii Perkins, but 
with smaller leaves, pubescent petioles, and much shorter calyx 
tubes and lobes. 

Genus MIJCUNA Adanson 
MUCUNA PLATYPLEKTA sp. nov. § Zoopth&Imum, Citta. 

Frutex scandens, perspicue pubescentibus; foliolis chartaceis, 
supra glabris, subtus adpresse pubescentibus, late ovatis ad ellip- 
tico-ovatis, lateralibus obliquis, 12.2 ad 15.5 cm longis, 8.5 ad 
11 cm latis, breviter acuminatis, nervis lateralibus utrinque 7, 
pcrspicuis; raccmis sub fructu, circiter 15 cm longis; fructibus 
oblongis, obtusis, circiter 12 cm longis, 6 ad 6.5 latis, 2 ad 2.5 
cm crassis, ferrugineo-hirsutis, valvis profunde suboblique 
lamellatis, lamellis usque ad 15, 8 ad 13 mm altis, crasis, latis, 
rigidis, plerumque fissis, pilis rigidis urentibus instructis; se- 
minibus plerumque 3, ellipticis, nitidis, levitcr compressis, 2.4 ad 
2.6 cm longis, 1.8 ad 2.2 cm latis. 

A woody vine, prominently pubescent except the upper surface 
of the leallets and the older branches, the branches terete, dark 
brown, 3.5 to 5 mm in diameter. Petioles 10 to 11.5 cm long, 
densely pubescent with soft, appressed, short yellowish white 
hairs. Leaflets chartaceous, densely clothed with appressed 
short yellowish white hairs beneath, the terminal leaflets broadly 
elliptic-ovate, very shortly blunt acuminate, base broadly acute, 
about 12 cm long, 8.5 to 11 cm wide, lateral nerves 7 on each side 
of the midrib, very prominent, reticulations somewhat obscure, 
petiolules 3 to 3.4 cm long, the lateral leaflets oblique, broadly 
ovate, base inequilateral, one side very broadly rounded, 12.5 to 

15.5 cm long, 0 to 11 cm wide, petiolules 0.6 to 1 cm long. Ra¬ 
cemes in fruit about 15 cm long including the 4-cm-long peduncle, 
densely pubescent with soft, appressed, short yellowish white 
scars, up to 22 in each inflorescence. Pods about 12 cm long, 
6 to 6.5 cm wide, 2 to 2.5 cm thick, oblong, obtuse, the sutures 
broad, channeled, winged, the wings connected directly with 
the transverse lamella;, the faces traversed by close, double, 
somewhat oblique, rigid plaits; the plaits broad, 8 to 13 mm deep, 
bearing numerous, rigid, ferruginous, stinging bristles; pedicels 
2 to 2.8 cm long, the calyx, which is sometimes persistent on 
the mature fruits, densely pubescent on both surfaces, about 

1.5 cm long, 1.5 cm in diameter, the lower teeth linear, about 5 
mm long, the lateral and upper segments very short and deltoid. 
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Seeds usually 3, smooth and shining, elliptic, and slightly com¬ 
pressed, 2.4 to 2.6 cm long, 1.8 to 2.2 cm wide, 1 to 1.2 cm thick. 

Luzon, Isabela Province, San Mariano, Bur. Sci. k72H2 Ramos 
and Edaho (type), February 16, 1926, along streams at low alti¬ 
tudes; Clemens 17050, August, 1926, in dry open forests. 

A species manifestly allied to Mucuna biplicata Teysmann and 
Binnendijk, differing in its pubescent leaves and larger pods, 
with broader plaits. 

Genus UUYNC1IOSIA Loureiro 

RHYNCHOSIA MYRIOCARPA up. nov. $ Kurhynchosia. 

Frutex scandens, pubescente; foliolis ovatis ad late ovatis, 
4 ad 10.6 cm longis, 3.5 ad 8.5 cm latis, breviter obtuse acumi- 
natis, basi rotundatis, chartaceis, eglandulosis, stipellatis, utrin- 
que pilosis; racemis multifloris, quam foliis longioribus, 12 ad 
15 cm longis; floribus pallide violaceis, calycibus lobis acutis, 
inaequalibus; fructibus dense pilosis, 1.7 ad 2 cm longis. 

A scandent pubescent shrub, the stems terete, canaliculate, 
pilose, 1.5 to 2.5 mm in diameter. Stipules lanceolate, caducous, 
about 5 mm long. Petioles densely pilose, slender, canaliculate, 
3.5 to 6 cm long; leaflets ehartaceous, eglandular, pilose on both 
surfaces, stipellate, short and obtusely acuminate, base rounded, 
the lateral ones smaller, ovate, base inequilateral, 4 to 9 cm long, 
3.5 to 6 cm wide, the petiolules 3 to 4 mm long, the central ones 
broadly ovate, base equilateral, 5.5 to 10.5 cm long, 5 to 8.5 cm 
wide, long-stalked, 1.5 to 3 cm long. Racemes 12 to 15 cm long, 
the peduncles 1.5 to 2 cm long; bracts conspicuous, subulate, 
about 5 mm long. Flowers 40 to 80 on each raceme, 11 to 13 
mm long, their pedicels very slender, pubescent, 4 to 5 mm long. 
Calyx densely pubescent, about 5 mm long, the lobes unequal, 
acute, up to 2 mm long. Corolla pale violet, pubescent on the 
outside, twice as long as the calyx. Stamens glabrous. Ovary 
densely pilose. Pods greenish, densely pilose, somewhat com¬ 
pressed, 1.7 to 2 cm long, 6 to 6.5 mm wide. Seeds 2 in each 
pod, black, shining, without an aril, about 4.5 mm long, 3.5 to 
4 mm wide. 

MINDANAO, Davao Province, Mati, Bur. Sci. (type), 

Ramos ami Edam, April 17, 1927; Tambungan, Bur. Sci. 1,8 97 2 
Ramos and Edaho, April 31, 1927, in the open places at low 
altitudes. 

This species is distinguished by its densely pubescent pods, 
long, many-flowered racemes, and its eglandular leaves. 
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CLAUSENA I.AXIFI.ORA up. nov. 

Frutex 3 ad 4 m altus, vix aromaticus, glaber vel subglaber; 
foliis usque ad 39 cm longis, foliolis 7 ad 9, membranaceis, usque 
ad 16 cm longis, G.5 cm latis, ovatis ad clliptieis, inaequilatera- 
libus, obtusis; paniculis laxis, 30 ad 35 cm longis, leviter pubes- 
centibus; floribus 5-meris, circiter 5 mm diametro. 

A shrub 3 to 4 m high, glabrous except the slightly puberu- 
lent younger parts and the inflorescence, scarcely aromatic. 
Branches terete, brownish green. Leaves 26 to 39 cm long, 
the petioles and rachis minutely puberulent, becoming glabrous; 
leaflets 7 to 9, alternate, ovate to elliptic, the larger ones up 
to 16 cm long, 6.5 cm wide, the basal ones smallest, about 4 
cm long and 2.5 cm wide, those on the upper part of the rachis 
larger and longer than the lower ones, membranaceous, the basal 
ones sometimes subchartaceous, strongly inequilateral, very shal¬ 
lowly and irregularly undulate-crenate, obtusely acuminate, base 
rounded to acute, pale olivaceous-brown to brown above, paler 
beneath, or of about the same color on both surfaces when dry, 
shining; lateral nerves 7 to 9 on each side of the midrib, promi¬ 
nent, distant, irregular, anastomosing, the reticulations some¬ 
what obscure, lax; petiolules slender, 3 to 5 mm long. Panicle 
terminal, pyramidal, lax, 30 to 35 cm long, minutely puberulent, 
the lower branches 17 to 22 cm long, the upper gradually shorter. 
Flowers numerous, 5-merous, the pedicels minutely puberulent, 
about 2 mm long. Buds globose-ovoid. Bracts triangular, 
about 0.1 mm long. Calyx shallow, 1.5 mm in diameter, 5-lobed, 
the lobes broadly ovate, acute, glabrous, margins sparsely and 
minutely puberulent. Petals 5, imbricate, oblong, obtuse, 3.75 
to 4 mm long, 2 to 2.5 mm wide, glandular, glabrous. Stamens 
10, about 3 mm long; anthers oblong, apiculate, about 1.5 mm 
long; filaments somewhat enlarged below. Ovary globose, gla¬ 
brous. 

Mindanao, Davao Province, Mati, Bur. Sci. (type), 

i'-KhS? Ramos and Kdafto, April 27, 1927 and March 27, 1927, 
respectively, in damp forests at low altitudes. 

A species characterized by its lax inflorescences and large, 
membranaceous leaflets. 
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BURSERACEiE 

Genus CANARIUM Linnaeus 
CANAKIl'M OXYOONI1M »p. nov. 

Arbor parva; ramulis incrassat is, perspicue lenticellatis, gla- 
bris, circiter 2 cm diametro; foliis usque ad 50 cm longis, 6-jugis; 
foliolis usque ad 31 cm longis, 9.5 cm latis, coriaceis, nitidis, 
oblongo-ellipticis, distincte caudato-acuminatis, basi rotundatis, 
integris, supra glabris, subtus ad costa nervisque breviter pube- 
rulis, ncrvis latcralibus utrinque 10 ad 20, adeendentibus, subtus 
valde perspicuis, reticulis porspicuis; infructescentiis racemosis, 
usque ad 17 cm longis; fructibus ovoideis, acutis, rugosis, acute 
3-angulatis, circiter 4.3 cm longis, 3 cm diametro. 

A small tree, the ultimate branehlets stout, prominently lenti- 
cellate, reddish brown, wrinkled when dry, about 2 cm in dia¬ 
meter, the very tip above the leaves, densely ferruginous-pubes¬ 
cent. Leaves more or less crowded toward the ends of the 
branehlets, up to 50 cm long, each with 13 leaflets, the rachis 
and petiole rather stout, shining, striate; stipules none or very 
early deciduous. Leaflets opposite, the lowest ones ovate and 
much smaller, 7 to 12 cm long, 4 to 5.5 cm wide, the interme¬ 
diate and upper ones oblong-elliptic, up to 31 cm long, 9.5 cm 
wide, shining on both surfaces, glabrous above, sparsely pube- 
rulcnt on the midrib and nerves beneath, brown above, darker 
beneath, coriaceous, distinctly caudate-acuminate, base equila¬ 
teral or inequilateral, rounded; lateral nerves of the median 
leaflets 1G to 20 on each side of the midrib, of the lower ones 
about 10, very distinct on the lower surface, ascending, curving, 
the reticulations prominent on both surfaces; petiolules stout, 
5 to 10 mm long, in the terminal leaflet up to 5 cm long. Flow¬ 
ers not seen. Infructescence in the upper axils, racemose, up 
to 17 cm long, densely ferruginous-pubescent, the persistent 
calyx 3-lobed, very coriaceous, about 10 mm in diameter, densely 
pubescent with short hairs outside, and covered with setose 
hairs inside, the lobes broadly ovate; pedicels stout, short. Fruit 
ovoid, acute, about 4.3 cm long, 3 cm in diameter, with 3 acute 
angles, the pericarp apparently fleshy, slightly wrinkled, gla¬ 
brous, the endocarp bony, 3-cellcd, somewhat obtuse at both 
ends, with 3 prominent acute angles, and with 3 intermediate, 
shallow, acute ridges which do not unite at the apex and are 
evanescent near the base. 
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Luzon, Tayabas Province, Mount Alzapan, Bur. Sci. A5723 
Ramos and EdaFio, June 6, 1925, on forested slopes, altitude 
about 1,900 meters. Local name, kagusikes (Tag.). 

A species apparently allied to Canarium nervomm Elmer, dif¬ 
fering in its larger fruits with three acute angles, its puberu- 
lent leaflets, and the sculpture of the endocarp. 

MELIACEjE 

Genua AGLATA Loureiro 

AGLA1A CAULOBOTRYS up. nov. 5 Euaiclaia. 

Arbor parva, partibus junioribus inflorescentiisque castaneo- 
stellato-pubescentibus; foliis usque ad 70 cm longis, foliolis 11 
ad 13, oblongis, usque ad 25 cm longis et 9 cm latis, subcoriaceis, 
acuminatis, basi obtusis vel rotundatis, nervis utrinque 18 ad 
20, perspicuis, utrinque glabris ve] costa subtus stellato-pubes- 
centibus; paniculis caulinis, usque ad 31 cm longis; floribus mi- 
nutis, in ramulis ultimis, dense confertis, glomeratis; fructibus 
globosis, minute castaneo-stellato-pubescentibus, 2 ad 2.5 cm 
diametro. 

A small tree, the younger parts, inflorescences, and fruits 
minutely stellate-pubescent with castaneous hairs. Branches 
terete, the ultimate ones 7 to 10 mm in diameter. Leaves alter¬ 
nate, 43 to 70 cm long; leaflets 11 to 13, subcoriaceous, the lower 
pairs smaller than the upper ones, oblong-ovate, the others 
oblong, 15 to 25 cm long, 4.5 to 9 cm wide, the upper surface 
pale olivaceous-brown, glabrous, slightly shining, the lower sur¬ 
face pale brown to pale reddish brown, nearly glabrous except 
for the stellate-pubescent midribs and nerves, the apex abruptly 
acuminate, the acumen acute to obtuse, 5 to 7 mm in length, 
the base obtuse to rounded; lateral nerves 18 to 20 on each side 
of the midrib, prominent on the lower surface, becoming faint 
toward the margins, the reticulations lax, obscure; petiolules 
stout, 8 to 14 mm long. Panicles from the trunk, densely stel¬ 
late-pubescent with castaneous hairs, 16 to 31 cm long, the 
branches few, spreading, the lower ones up to 14 cm long. Im¬ 
mature flowers very densely crowded on the ultimate branchlets, 
glomerate, about 0.75 mm in diameter, the pedicels up to 0.5 
mm long. Calyx densely stellate-pubescent, 0.4 to 0.5 mm long. 
Petals 5, suborbicular, glabrous, rounded, about 0.3 mm long. 
Stamina! tube glabrous, depressed-globose, truncate, free from 
the petals, the anthers 5, about 0.2 mm long, included. Fruits 
globose, rounded, densely and minutely stellate-pubescent with 
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castaneous hairs, 2 to 2.5 cm in diameter, with a single vertical 
median ridge, the pedicels stout, up to 1.4 cm long. 

Mindanao, Davao Province, Mayo, Bur. Set. 49374 (type), 
April 24, 1927, along streams in damp forests, altitude about 
700 meters; Mati, 49107 Ramos and Edano, May 6, 1927, in damp 
forests along Bitanagan River, at low altitudes. 

One of the few species of this large genus with cauline in¬ 
florescences, apparently falling in the group with Aglaia trun- 
ciflora Merrill, which is known from fruiting specimens only. 
It differs from the above species in its globose, minutely and 
densely castaneous pubescent fruits. It is further charac¬ 
terized by its very densely crowded flowers. 


Genus DYSOXYLUM Illume 

DYSOXYLUM OBLONGIFOLIOLIJM «p. nov. § Kudvsoxylum. 

Arbor parva, partibus junioribus et subtus foliis et inflores- 
centiis molliter puberulis; foliis alternis, 45 ad 75 cm longis, 
foliolis 11 ad 16, vel in foliis suporioribus 8 ad 10, lanceolatis 
vel oblongo-ellipticis, alternis vel suboppositis, acuminatis ad at- 
tenuatis, basi acutis, chartaceis, nitidis, supra glabris, vel costa 
puberulis, in sicco pallidis, nervis lateralibus utrinque 14 ad 18, 
subtus perspicuis; inflorescentiis in axillis suporioribus, spici- 
formibus ad depauperato-paniculatis, 14.5 ad 22 cm longis, ramis 
paucis, usque ad 11 cm longis; floribus 4-meris, 6 ad 7.5 mm 
longis, breviter pedicellatis; calycibus 4-dentatis, extus pube¬ 
rulis, 1.5 ad 2 mm longis, 4.25 ad 4.5 mm diametro, lobis 0.5 ad 

1 mm longis; petalis 4, reflexis, extus puberulis, oblongis, sub- 
acutis, 7 ad 8 mm longis, 3 ad 4 mm latis; tubo cylindrico, libero, 
glabro, cronulafo, 6 ad 7 mm longo; antheris 8, inclusis, oblon¬ 
gis, subacutis, 1.25 ad 1.5 mm longis, disco cylindrico, erenulato, 

2 mm longo; ovario dense pubcscente. 

A small tree, the branches subterete, obscurely angled, grayish, 
glabrous, the branchlets, inflorescences, and the upper surface 
of the leaflets softly olivaceous-puberulent. Leaves alternate, 
including the petioles 45 to 75 cm long, the petioles 19 to 30 cm 
long; leaflets 14 to 16, or in the uppermost leaves 8 to 10, the 
lower ones alternate, the; upper opposite or subopposite, lanceo¬ 
late to oblong-elliptic, 15 to 30 cm long, 3 to 6.3 cm wide, char- 
taceous, pale olivaceous when dry, shining, the upper surface 
glabrous except the puberulent midrib, apex acuminate, base 
subequilateral to more or less inequilateral, acute; lateral 
nerves 14 to 18 on each side of the midrib, impressed above, 



158 


The Philippine Journal of Science 


1928 


prominent beneath, becoming faint toward the margins, the 
reticulations lax, somewhat obscure; petiolules densely puberu- 
lent, 5 to 10 mm long. Inflorescences in the upper axils, soli¬ 
tary, spiciforrn to depauperate-paniculate, 14.5 to 22 cm long, 
the branches few, up to 11 cm long; flowers 4-merous, shortly 
pedicellate, 6 to 7.5 mm long, the pedicels pubcrulent, slender, 
1 to 1.25 mm long; calyx shallow, 4-toothed, puberulcnt outside, 

1.5 to 2 mm long, 4.25 to 4.5 mm in diameter, the lobes triangu¬ 
lar-ovate, 0.5 to 1 mm long; petals 4, reflexed, densely pubcrulent 
outside, oblong, subacute, 7 to 8 mm long, 3 to 4 mm wide; 
staminal tube cylindric, free, glabrous, crenulate, 6 to 7 mm long; 
anthers 8, included, oblong, subacute, 1.25 to 1.5 mm long; disk 
tubular, crenulate, glabrous outside, pubescent inside, about 2 
mm long, 2.5 mm in diameter; ovary ovoid, densely pubescent, 
4-cclled; style densely pubescent, including the globose stigma 

4.5 to 5 mm long. Immature fruits densely pubescent, globose, 
about 7 mm in diameter. 

LUZON, Isabela Province, San Mariano, Bur. Sci. 1,6836, 
',6827 Ramon and Edaho, February. 1925, along streams in damp 
forests, at low altitudes. 

The alliance of this species is manifestly with Dysoxylum 
venonum Merrill, from which it is distinguished by its longer in¬ 
florescences and much larger flowers. 

EUPTIORBIACE/E 

Onus ACTEPIIILA Blume 

ACTEPHII.A MEOlSTOPHYF.r.A sp. no*. 

Frutex glaber, circiter 4 m altus; foliis permagnis, petiolatis, 
spathulalo-oblanceolatis, chartaceis, 1.1 ad 1.6 m longis, 21 ad 
25 cm latis, margine distanter calloso-dentatis vel crenatis, 
abrupte acute acurninatis, deorsum longc angustatis, nervis 
utrinque 38 ad 50, perspicuis; petiolo 2.3 ad 3 cm longo; in- 
fructescentiis 7.5 ad 12 cm longis, breviter pcdunculatis; fruc- 
tibus longe (4 ad 8.5 cm) pedicellatis, depresso-globosis, oxtus 
sparse pubescentibus, 3 ad 3.5 cm diametro. 

A shrub about 4 m high. leaves very large, spatulate-oblan- 
ceolate, chartaceous, 1.1 to 1.6 m long, 21 to 25 cm wide, oliva¬ 
ceous-green above, pale brown beneath when dry, glabrous, 
densely punctulate on both surfaces, margin distantly gland¬ 
ular-dentate or crenulate, apex abruptly acute acuminate, long, 
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narrowed below; lateral nerves 38 to 50 on each side of the 
midrib, prominent, parallel, the reticulations lax; petioles rela¬ 
tively short, thickened, glabrous, 2.3 to 3 cm long. Infructes- 
cence racemose, shortly peduncled, 7.5 to 13.5 cm long, the 
peduncles 1 to 2 cm long, covered with appressed short hairs. 
Capsules depressed-globose, sparingly pubescent, ultimately gla¬ 
brous, 3 to 3.5 cm in diameter, very long-pedicellcd, the pedicels 
appressed-pubescent, 4 to 8.5 cm long; persistent sepals 5, pubes¬ 
cent outside, margin sparsely ciliatc, oblong to ovate, 4 to 6.5 
mm long. 

Luzon, Tayabas Province, Casiguran, Bur. Sei. 45466 Ramos 
and Edaho , June 2, 1925, in damp forests along streams, at low 
altitudes. 

This species is strongly characterized by its very large leaves, 
whence its specific name. It probably belongs in the group with 
Actephila excelm (Dalzell) Mueller-Arg. 

Genus ANTIDESMA Rurrnan 
ANTIDKSMA ACUM1NATISSIMUM up. nov. 5 Veno»*. 

Frutex, partibus junioribus inflorescentiisque exceptis glabcr; 
foliis breviter petiolatis, lanceolatis, membranaceis, 7 ad 11.5 
cm longis, 1.7 ad 3 cm latis, utrinque nitidis, supra glabris, 
subtus ad nervis parce pubescentibus, apice longe tenuiterque 
caudato-acuminatis, basi acutis, nervis utrinque 7 vel 8; stipulis 
linearis, pubescentibus, 1.25 ad 2 mm longis, deciduis; infruc- 
tescentiis racemosis, simplicibus, rarissime depauperato-panicu- 
latis, pubescentibus, 4.5 ad 9 cm longis; bractis ovatis, acutis, 
pubescentibus, 0.25 ad 0.5 mm longis; fructibus rubris, ellip- 
soideis, inaequilateralibus, glabris, rugosis, 3.25 ad 3.5 mm lon¬ 
gis, 1.75 ad 2 mm diametro, stigmatibus terminalibus, calycibus 
4-meris; pedicellis tenuibus, pubescentibus, 1.75 ad 2 mm longis. 

A shrub about 2 m high; the branches slender, terete, smooth, 
the branchlets pubescent. Leaves lanceolate, membranaceous, 
7 to 11.5 cm long, 1.7 to 3 cm wide, olivaceous, shining on both 
surfaces, glabrous above, sparsely pubescent on the nerves be¬ 
neath, long and slenderly caudate-acuminate, base acute; lateral 
nerves 7 or 8 on each side of the midrib, slender, the reticula¬ 
tions somewhat obscure; petioles short, slender, 2 to 3 mm long; 
stipules linear, pubescent, 1.25 to 2 mm long, up to 0.75 mm 
wide at the base, deciduous. Infructescences simple, or rarely 
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with one branch, 4.5 to 9 cm long, slender, pale pubescent; 
bracteoles ovate, acute, pubescent, 0.25 to 0.5 mm long; calyx 
teeth 4, ovate, recurved. Fruits reddish, ellipsoid, inequilateral, 
somewhat compressed, glabrous, somewhat rugose when dry, 
3.25 to 3.5 mm long, 1.75 to 2 mm in diameter; stigma terminal, 
arms short, 3 or 4, recurved; the pedicels slender, pubescent, 
1.75 to 2 mm long. 

Luzon, Tayabas Province, Casiguran, Bur. Sci. 45189 Ramos 
and Edam , June 9, 1925, in the open and on river flats, altitude 
about 200 meters. 

A species in the group with Antidesma penlandrum (Blanco) 
Merrill. The slender infructescenccs, the small, ellipsoid, some¬ 
what compressed fruits, the minute ovate bracteoles, the linear, 
minute, stipules, and the lanceolate, caudate-acuminate leaves 
are characteristic. 

Genus PIIYLLANTIIUS l.innieus 

PHYLLANTIIUS KAMOSI1 »p. nov. 

Frutex glaber, dioicus, ramis teretibus, 4.5 ad 5.5 mm diame- 
tro, ramulis numerosis, 22 ad 37 cm longis, 2 ad 2.5 mm dia- 
metro, tenuibus; foliis ovatis, chartaccis, tenuiter caudato-aeu- 
minatis, basi aequilateraliter acutis ad rotundatis, 7 ad 12 cm 
longis, 3 ad 5.3 cm latis, nervis primariis utrinque 6 vel 7, tenui¬ 
bus; floribus $ axillaribus, fasciculatis, longissimc (1.2 ad 2.6 
cm) pedicellalis, pedicellis filiformibus; perianthi segmentis 5, 
rarissime 6, oblongo-ovatis ad lanceolatis, obtusis, circiter 3 mm 
longis; staminibus 5, 1.5 ad 1.75 mm longis, filamentis liberis, 
ad 1 mm longis, antheris oblongis ad oblongo-ovatis, longiludi- 
naliter dehiscentibus. 

A glabrous dioecious shrub, about 3 m high; the branches te¬ 
rete, glabrous, pale reddish brown to pale brown, 4.5 to 5.5 mm 
in diameter, bearing numerous, somewhat crowded, slender 
branchlets, these 22 to 37 cm long, 2 to 2.5 mm in diameter, each 
subtended by 2 or 3, cuneatc, rigid, acutely acuminate stipule¬ 
like bracts, 1.5 to 2.5 mm in length. Leaves numerous, brown, 
chartaceous, ovate, prominently caudate-acuminate, base equi¬ 
lateral, acute to rounded, 7 to 12 cm long, 3 to 5.3 cm wide; 
lateral nerves 6 or 7 on each side of the midrib, rather promi¬ 
nent, the reticulations rather lax, upper surface black and shin¬ 
ing when dry, lower paler, rather dull; petioles glabrous, 4 to 
6 mm long; stipules ovate, acute, slightly concave, about 3 mm 
long, deciduous. Staminale flowers axillary, fascicled, long-pedi- 
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cellate, their pedicels very slender, 1.2 to 2.4 cm long; perianth 
segments 5, very rarely 6, glabrous, membranaceous, subequal, 
oblong-ovate to lanceolate, obtuse, about 3 mm long, 1 to 2 mm 
wide; stamens 5, 1.5 to 1.75 mm long, their filaments free, slen¬ 
der, up to 1 mm long, the anthers oblong to oblong-ovoid, later¬ 
ally longitudinally dehiscent; disk glands free, oblong, 0.2 to 0.25 
mtm long. 

LUZON, Isabela Province, Mount Moises, Bur . Sci. J>7336 Ra¬ 
mos and Edmio , March 4, 1926, along forested streams, altitude 
about 1,400 meters. 

A species remote from any hitherto described from the Phil¬ 
ippines. The large, ovate, caudate-acuminate leaves and the 
long-pedicellate staminate flowers are characteristic. 

DAPHNIPHYLLACEiE 

C.enus DAPIINIPIIYLLUM Illume 
DAPIINIPIIYLLUM PARVIFOLIUM sp. no?. 

Frutex glaber; ramulis subrugosis, teretibus; foliis parvis, 
oblongo-ellipticis ad oblongo-oblanceolatis, coriaceis, 4 ad 9 cm 
longis, 1 ad 2 cm latis, supra olivaceis ad pallide brunneis, nitidis, 
glabris, subtus brunneis, minutissime papillosis, apice obtusis ad 
late rotundatis, interdum minute apiculatis, base acutis, nervis 
primariis utrinque 6 ad 9, distinctis; inflorescentiis axillari- 
bus, pedunculatis, subumbellatis vel corymbosis, 2 ad 4 cm longis, 
paucifloris; staminibus 5 ad 9, umbellatis, antheris oblongis, 
erectis, 1 ad 1.5 mm longis, filamentis quam antheris paullo brevi- 
oribus; fructibus oblongo-ellipsoideis, 10 ad 12 mm longis, stig- 
matibns 2, recurvatis, brevissimis, sessilibus; calycibus 0 vel ca- 
ducis. 

A glabrous shrub, 1 to 2 m high, the branches terete, brown, 
slightly wrinkled, the branchlets smooth, reddish brown. Leaves 
small, numerous, oblong-elliptic to oblong-oblanceolate, 4 to 9 
cm long, 1 to 2 cm wide, olivaceous or pale brown, shining, gla¬ 
brous above, brown to dark brown and minutely papillose be¬ 
neath, coriaceous, apex obtuse to broadly rounded, sometimes 
minutely apiculate, base acute; lateral nerves 6 to 9 on each side 
of the midrib, distinct on both surfaces; petioles reddish brown 
to dark brown, 0.7 to 2.5 cm long. Male inflorescences axillary, 
pedunculate, subumbellate or corymbose, 2 to 4 cm long, few- 
flowered; calyx obsolete; stamens 5 to 9, umbellate, anthers 
oblong, erect, often minutely apiculate, 1 to 1.5 mm long, fila- 
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merits slightly shorter than the anthers. Infructeseences axil¬ 
lary, 3 to 6 cm long. Fruits oblong-ellipsoid, black, 10 to 12 
mm long, 5 to 6 mm in diameter; pericarp somewhat rugose 
when dry; stigmas 2, recurved, sessile; calyx none or caducous. 

Luzon, Tayabas Province, Mount Alzapan, Bur. Sci. 45708 
(S) 9 45725, 45687 (9) Ramos and Edaho , on slopes in the 
mossy forest, near the summit, altitude about 2,000 meters. 

This is the only small-leaved Daphniphyllum known. It is 
allied to Daphniphyllum obtusifolium Merrill, but differs in its 
smaller leaves, which are minutely papillose beneath, and its 
oblong-ellipsoid fruits. 

CELASTRACE7E 
(«enu8 MICROTROPIS Wallich 

MICKOTKOPIS FASCICULATA «p. nor. 

Frutex glaber, circiter 3 m altus; ramulis teretibus, rubro- 
brunneis; foliis oblongo-ellipticis, subcoriaceis, brevitcr acumi- 
natis, basi acutis, 21 ad 30 cm longis, 6.5 ad 11 cm latis, nervis 
primariis utrinque 10 ad 12, tenuibus, distinctis; infructescentiis 
fasciculatis, caulinis, fructibus oblongis, perspicue acuminatis, 
rubro-brunneis, laevis, 1.8 ad 2.3 cm longis, 0.8 ad 0.95 cm dia- 
metro. 

A glabrous shrub about 3 m high, the branchlets smooth, te¬ 
rete, reddish brown, 4 to 7 mm in diameter. Leaves subcoria- 
eeous, when dry olivaceous-green on the upper surface, light 
brown on the lower surface, shining on both surfaces, oblong- 
elliptic, apex shortly and subacutely acuminate, base somewhat 
narrowed, acute, 21 to 30 cm long, 6.5 to 11 cm wide, primary 
lateral nerves 10 to 12 on each side of the midrib, distant, slender, 
distinct, anastomosing, the reticulations lax, somewhat obscure; 
petioles 1.4 to 2.3 cm long. Infructeseences fascicled, cauline; 
the fruits not numerous, brown when fresh, reddish brown when 
dry, oblong, with prominently acuminate apex, smooth to shal¬ 
lowly grooved, 1.8 to 2.3 cm long, 0.8 to 0.95 cm in diameter; the 
pedicels very short, up to 2 mm long; calyx 4 to 6 mm in dia¬ 
meter, the sepals ovate, rounded, 1 to 1.5 mm in length. 

Panay, Capiz Province, Hamanay, Bur. Sci. 46147 Edaho , 
October 8, 1925, on forested slopes, at low altitudes. 

This species is radically different from the previously de¬ 
scribed Philippine representatives of the genus in its cauline, 
fascicled fruits and its oblong-elliptic leaves. Its alliance is 
probably with Microtropis umllichimm Wight, of Ceylon. 
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SAFINDACE7E 

(ienuH OTOPHORA Blume 

OTOPHORA GRANDIFOLIOLA np. nov. 

Frutex glaber; foliis circiter 65 cm longis, foliolis 6 ad 8, 
subcoriaccis, oblongo-ellipticis, usque ad 34 cm longis, 10.5 cm 
latis, nitidis, subacutis, basi cuneatis, nervis primariis utrinque 
9 ad 12, perspicuis; stipulis suborbieulari-ovatis, subcoriaccis, 
inaequilatcralibus, usque ad 6 cm longis; inflorescentiis pani- 
culatis, pyramidatis, usque ad 36 cm longis, ramis paucis vel 
numerosis, inferioribus usque ad 12 cm longis; floribus pedicel- 
latis, 4-meris, sepalis 4 ad 4.5 mm longis; petal is suborbicu- 
laris, circiter 3.5 mm longis; fructibus junioribus ellipsoideis, 
in siccitate rubro-brunneis, circiter 0.8 cm diametro. 

A glabrous shrub, 3 to 4 m high. Branches terete, brownish 
or grayish, lenticellate. Leaves about 65 cm long, the leaflets 
6 to 8, subcoriaceous, oblong-elliptic, 26 to 34 cm long, 7 to 

10.5 cm wide, or the basal ones sometimes smaller up to 19 cm by 
5 cm, subacute, base cuneate, when dry pale or brown above, 
light brown beneath; primary lateral nerves 9 to 12 on each 
side of the midrib, prominent, curved, anastomosing, the retic¬ 
ulations prominent on both surfaces; stipules suborbicular- 
ovate, obtuse, up to 6 cm long, 5 cm wide, similar to the leaves 
in texture and color, inequilateral; petiolules short, 4 to 8 mm 
long. Panicles from the upper axils, pyramidal, 23.5 to 36 cm 
long, the branches few or numerous, spreading, the lower ones 
up to 12 cm long. Flowers dark reddish brown when dry, the 
pedicels 5 to 10 mm long, slender. Sepals 4, ovate to suborbi- 
cular, obtuse to rounded, 4 to 4.5 mm long, 3 to 4 mm wide, the 
margins very sparsely minutely denticulate. Petals 4, about 

3.5 mm long, 3 mm wide, suborbieular, margins indexed and cili- 
ate at the base. Stamens 8, 2.75 to 3 mm long; the anthers 
narrowly oblong, acute, 1.5 to 1.75 mm long, the filaments flat¬ 
tened at the base. Ovary ellipsoid, 2-celled, glabrous; style very 
short; stigma obsoletely 2-lobed. Fruits (young) ellipsoid, 
reddish brown when dry, about 0.8 cm in diameter. 

Mindanao, Davao Province, Mati, Pur. Set. 490f>l Ramos and 
Edano , April 13, 1927, in dry forests at low altitudes. 

This species is allied to Otophora fruticosa Blume, but is dis¬ 
tinguished among other characters by its very large leaflets and 
stipules. 
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(■eniis AMPKLOCISSUS Planchon 

AMI'KLOCISSIJS DOI.ICHOBOTRTS up. nov. 5 Kalocisaua. 

Frutex scandens, glaber, ramis teretibus, ramulis junioribus 
plus minusvc tomentosis; foliis pedatim 5- rariter 3-foliolatis, 
foliolis membranaceis, oblongis ad ellipticis, 16 ad 24 cm longis, 
acuminatis, lateralibus basi valde inacquilateralibus, margine dis- 
tanter repando-dentatis; inlloresccntiis elongatis, usque ad 1 m 
longis, ramis primariis numerosis, distantibus, patulis, 3 ad 6.5 
cm longis; lloribus 4-mcris, partibus junioribus lcviter pubesccn- 
tibus, sessilibus; petal is oblongis, 2.7 ad 3 mm longis, subacutis 
ad obtusis; fructibus junioribus carnosis, globoso-ovoideis, cir- 
citcr 1.2 cm longis. 

A scandent shrub, the branches terete, glabrous, the branch- 
lets more or less tomentose with rather long deciduous matted 
hairs which in age become white. Tendrils 30 to 35 cm long, 
1.5 to 2 mm in diameter at the base. Leaves pedately 5-fol’o- 
late, rarely 3-foliolate; ihe petioles 7 to 13 cm long; leaflets 
membranaceous, acuminate, margins distantly sinuate-toothed 
above the middle, and sometimes below, the upper surface gla¬ 
brous and shining, the lower tomentose on the midrib and nerves, 
the central leaflet elliptic to oblong-obovate, base equilateral 
acute, 16.5 to 24 cm long, 8 to 11 cm wide, the petiolule tomen¬ 
tose, 3 to 3.5 cm long, the lateral leaflets oblong to elliptic or 
oblong-obovate, the base very inequilateral, one side acute, the 
other rounded to semicordate, 17 to 25 cm long, 7.5 to 11 cm wide, 
the petiolule tomentose, 1.3 to 2.5 cm long, lateral nerves dis¬ 
tinct, 6 to 8 on each side of the midrib. Inflorescence very long, 
the flower-bearing part 53 to 94 cm long, the very long pedun¬ 
cles 48 to 60 cm long; the spiciform primary branches 34 to 54, 
slender, the axis minutely puberulent, the racliis sparsely to¬ 
mentose. Flowers 4-merous, sessile, scattered, each subtended 
by a small triangular bracteole; calyx shallow, minutely puberu¬ 
lent on the outside, shortly lobed, 1.5 to 1.75 mm long, 1.75 
to 2 mm in diameter, the lobes somewhat rounded; petals oblong, 
minutely puberulent outside, dark red, purplish brown when 
dry, subacute to obtuse, 2.75 to 3 mm long, 1.25 to 1.5 mm 
wide. Stamens about 2.75 mm long; anthers oblong, about 1 
mm long. Ovary ovoid, minutely puberulent. Young fruits 
very fleshy, glabrous, globose-ovoid, about 1.2 cm long, 1.15 cm 
in diameter, with a single seed. 
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Luzon, Isabela Province, San Mariano, Pur . Sci. U7173 Ramos 
and Edaho f March 23, 1926, along forested streams in damp 
forests, altitude about 600 meters. 

A species manifestly allied to Ampelocissus botryostachys 
Planchon, differing radically in its very long inflorescences. 

AMPELOCISSUS TRICHOCLADA »p. nov. 8 KnlocisRUB. 

Frutex scandens, ramis ramulisque tomentosis, teretibus; 
foliis 3-foliolatis, foliolis mcmbranaceis, supra glabris vel glabres- 
ccntibus, subtus ad costa norvisque dense tomentosis, plerumque 
oblongis, 19 ad 28 cm longis, 8 ad 13 cm latis, lateralibus valde 
inaequilateralibus, acute acuminatis, marginc distanter sinuatis; 
inflorescentiis elongatis, usque ad 74 cm longis, pedunculis usque 
ad 39 cm longis, ramis primariis numerosis, distantibus, pa- 
tulis, 2 ad 4 cm longis; floribus 4-meris, glabris, sessilibus. 

A scandent shrub, conspicuously tomentose except the flowers 
and the ultimate branches of the inflorescences; the branches 
terete, densely covered with long, persistent, wooly, matted, cin- 
namomous hairs which in age become paler. Tendrils up to 48 
cm long. Leaves 3-foliolate, the petioles 9 to 12 cm long; leaflets 
membranaceous, olivaceous-green, acutely acuminate, the mar¬ 
gins distantly sinuate-toothed, the young ones more or less pu¬ 
bescent on both surfaces, the older ones sparsely tomentose to 
glabrescent above, shining, the lower surface tomentose on the 
midrib, primary nerves, and margins, pubescent on the reticu¬ 
lations; lateral nerves distinct, 9 to 11 on each side of the mid¬ 
rib, the central leaflet usually oblong-elliptic, equilateral, base 
cuneatc, 26 to 28 cm long, 11 to 12.5 cm wide, the petiole dense¬ 
ly tomentose, about 1 cm long, the lateral leaflets oblong-ovate, 
the base very inequilateral, acute, the inner side narrow, the 
outer one broad, the basal margins forming nearly a right angle, 
19 to 25 cm long, 8 to 13 cm wide, the petiolules densely to¬ 
mentose, 0.3 to 0.5 cm long. Inflorescence long, pendant, the 
flower-bearing part about 35 cm long, the peduncles 31 to 39 
cm long, the axis tomentose; the spiciform primary branches 
about 45, slender, distant, glabrous, 2 to 4 cm long. Flowers 
1-merous, purple, glabrous, sessile, each subtended by a small 
triangular bracteole. Calyx shortly 4-lobed, about 1.75 nun 
long, 1.75 mm in diameter, the lobes about 0.5 mm long, some¬ 
what rounded at the apex. Petals oblong, acute to obtuse, about 
2.5 mm long. Stamens 4, anthers oblong, about 1.25 mm long, 
the filaments subulate, about 0.75 mm long. Ovary oblong- 
ovoid, glabrous. 


23IWD1-8 
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Mindanao, Davao Province, Pagdaugan, Bur. Sci. 49627 Ra¬ 
mos and Edano, June 12, 1927, on forested slopes, altitude about 
700 meters. 

A species doubtless allied to the proceeding one, differing es¬ 
sentially in its densely tomentose branches and leaflets, shorter 
inflorescences, the lateral leaflets acute at the base, and its gla¬ 
brous flowers. 

Genus LEE A Uoyen 

LKEA PYCNANTHA «p. nov. 

Frutex circiter 1 m altus, glaber; ramis canaliculatis; foliis 
simplicihus, obovatis, chartaceis ad subcoriaceis, 24 ad 34 cm 
longis, 12 ad 20 cm latis, brevissime acuminatis, deorsum angus- 
tatis, basi abrupte obtusis, margine crenato-denticulatis, nervis 
lateralibus utrinque 11 ad 14, subtus valde perspicuis; inflores- 
centiis in axillis superioribus, brevibus, 2.5 ad 4 cm longis; flori- 
bus numerosis, confertis, 4-meris, luteis, 5 ad 6 mm longis. 

A shrub about 1 m high, glabrous; branches and branchlets 
deeply furrowed, dark-colored when dry, the ultimate branchlets 
6 to 8 mm in diameter. Leaves simple, obovate, chartaceous 
to subcoriaceous, 24 to 34 cm long, 12 to 20 cm wide, apex very 
shortly acuminate, base subequally narrowed, abruptly obtuse, 
margins prominently crenate-denticulate, the teeth minute, often 
glandular, the upper surface dark brown when dry, the lower 
much paler and somewhat shining; lateral nerves 11 to 14 
on each side of the midrib, very prominent, somewhat ascend¬ 
ing, anastomosing close to the margins, the reticulations very 
distinct; petioles broadly vaginatc, 2.5 to 3.5 cm long. Inflores¬ 
cences in the upper axils, short, 2.5 to 4 cm long. Flowers 
numerous, crowded, yellow, 5 to 6 mm long; calyx cup-shaped, 
3.25 to 3.75 mm long, 3.75 to 4 mm in diameter, the lobes 4, 
about one-third as long as the tube, triangular, subacute to acute; 
corolla tube 2 to 2.25 mm long, the lobes 4, fleshy, reflexed, 
oblong, subacute, 3 to 3.25 mm long; staminal tube united with 
the corolla, exerted, about 2.5 mm long; anthers 4, about 2 mm 
long; ovary ovoid; style about. 1.75 mm long. 

Luzon, Nueva Vizcaya Province, Mount Alzapan, Bur. Sci. 
45743 Ramos and Edano, May 24, 1925, on forested slopes, alti¬ 
tude about 1,700 meters. 

A species apparently different from all hitherto known Phil¬ 
ippine forms with simple leaves. It is distinguished by its large 
obovate leaves, and short, very much crowded, inflorescences. 
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TILIACE^E 

A recent partial treatment of this group involves certain 
changes in nomenclature for some Philippine species. Burret’s 
recent study 3 adds two genera, Pentace and Althojjia, to the Phil¬ 
ippine list, or three, if we follow him in the segregation of Mi- 
crocos Linnams from Grewia Li munis. It is of interest to note 
that of the three additional genera mentioned above Pentace is 
strictly western Malaysian, while Althojjia is strictly eastern 
Malaysian in the distribution of the other known species. 

Genus BEHHIA Roxburgh 

BERRIA CORDIFOLIA (Willdenow) Burnt. 

Berry a cordifolia (Willdenow) Burret in Notizbl. Bot. Gart. Berlin 9 
(1926) 606. 

This name, based on Esspera cordifolia Willdenow, is earlier 
than, and thus replaces, Berria a mm on ill a Roxburgh. Burret 
prefers the spelling Berrga to Roxburgh’s original Berria. 

Genus BROWNLOWIA Roxburgh 

BROWNLOWIA BECCAKI (Mastera) Pierre. 

Brownlowia beccari (Masters) Pierre; Burret in Notizbl. Bot. Gait. 
Berlin 9 (1926) 1164. 

Burret refers the Philippine material, originally identified 
by Merrill with Brownlowia laneeolata Bentham, to this Bornean 
species, its range being now Borneo and the Philippines. Broum- 
lowia laneeolata Bentham and B. beccari Pierre apparently repre¬ 
sent very closely allied species, and complete material may in¬ 
dicate that the latter should be reduced to the former. 

Genus PENTACE Hasskarl 

PENTACE KUBINTEORA (Merrill) Burret. 

Pent act’ subintegra (Merrill) Burret in Notizbl. Bot. Gart. Berlin 9 
(1926) 620. 

Columbia nnbintcyra Merrill in Philip. Journ. Sci. 10 (1916) Bot. 
323. 

This species, originally described from fruiting material, 
proves to belong in Pentace; the genus, otherwise confined to 
western Malaysia, is new to the Philippines. 

3 Burret, M., Beitriige zur KennlriLs der Tiliaceen, Notizbl. Bot. Gart. 
Berlin 9 (1926) 092 880, II op. cit. (1927) 1161-1174. 
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Genus GRKWIA Li rum*us 

Other than the segregation of Microcos Linnaeus, as a valid 
genus (see below), the following proposed changes affect Phil¬ 
ippine species: 

GREWIA ROLFEI Merrill var. RIZALKNSIS (Merrill) Burret. 

Grew in rolfei Merrill var. rizalcnsis (Merrill) Burret in Notizbl. Bot. 
Gart,. Berlin 9 (1920) 047. 

Grcivia rizalensis Merrill is reduced as a variety of G. rolfei 
Merrill. 

GKEWIA KOOKDEKSIANA Burret. 

Grew in koorderaiava Burret in Notizbl. Bot. Gart. Berlin 9 (192G) 
002 . 

Burret suspects that the Luzon material referred by Merrill 
to Greivui asiatica Linnaeus belongs to this Javan species. The 
discontinuous distribution would seem to militate against the 
correctness of this view. 

GREW IA PARVA Merrill. 

Grewia pnrva Merrill; Burret in Notizbl. Bot. Gart. Berlin 9 (1926) 
709. 

Burret believes that the Philippine form is specifically distinct 
from the Indo-Ohina Greivia bilamellata Gagnepain to which 
Merrill reduced it. 

GREW1A SETACKOIDES Burret. 

Greivia setaceoides Burret in Notizbl. Bot. Gart. Berlin 9 (1926) 079. 

LUZON, Bulacan Province, Norzagaray, Bur . Set. 13018 Ramos . 
This is described as a new species, based on the above collec¬ 
tion, and is allied to Greivia setacea Merrill. 

GREW 1A ACUMINATA JuHsieu. 

Greivia acuminata Jussieu; Burket in Notizbl. Bot. Gart. Berlin 9 
(1920) 099. 

Burret retains this as a strictly Javan species closely related 
to the more widely distributed Graria lunbellata Roxburgh and 
were he correct then Roxburgh’s specific name would replace 
Jussieu’s for the Philippine form. Knowing that Jussieu’s type 
was preserved in the Paris Museum we communicated with Dr. 
F. Gagnepain, asking him to compare the material. On the basis 
of his own intensive knowledge of the Indo-Malaysian species of 
Greivia, a critical examination of Jussieu’s type, and the abun¬ 
dant material from various parts of Malaysia and the Philip- 
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pines, he wrote under date of February 16, 1928 that he con¬ 
sidered that Dr. Hochreutiner was correct in his interpretation 
of Jussieu’s species; and that it was practically impossible to 
distinguish between Gertoia acuminata Jussieu and G. umbel - 
lata Roxburgh. Hochreutiner’s No. 37 is true Grewia acum¬ 
inata Jussieu, and Philippine specimens are referable to the 
same species. Therefore, we retain Jussieu's name for the Phil¬ 
ippine form. 

Genus MICROCOS Linnaeus 

This genus is retained as a valid one distinct from Grewia to 
which all previous modern authors have referred it. Four Phil¬ 
ippine species are known. 

MICROCOS PYRIFORMI8 (Elmer) Burret. 

Microcos pyriformis (Elmer) Burret in Notizbl. Bot. Gart. Berlin 9 
(1926) 772. 

Grewia pyriformis Elmer Leafl. Philip. Bot. 8 (1915) 2841. 

Mindanao, Elmer 13906 . Endemic. 

MICROCOS 8TYLOCARPA (Warburg) Burret. 

Microcos stylocarpa (Warburg) Burret in Notizbl. Bot. Gart. Berlin 
9 (1926) 780. 

Grewia stylocarpa Warburg in Perkins Frag. FI. Philip. (1901) 104. 

Widely distributed in the Philippines; a variety loncjipetiolata 
Burret, in Borneo. 

MICROCOS PHILIPPINENSIS (Perkinn) Burret. 

Microcos ph Hip pine mis (Perkins) Burret in Notizbl. Bot. Gart. Ber¬ 
lin 9 (1926) 781. 

Grewia philippinensis PERKINS Frag. FI. Philip. (1904) 103. 

Widely distributed in Luzon. Endemic. 

MICROCOS IN FLEX A (Merrill) Burret. 

Microcos hiflexa (Merrill) Burret in Notizbl. Bot. Gart. Berlin 9 
(1926) 795. 

Grewia in flex a Merrill in Philip. Journ. Sci. 11 (1916) Bot. 191. 

Samar. Endemic. 


Genus COM’ MI!IA Persoon 

Burret prefers the older original name Colona as published by 
Cavanilles, and considers all species under the former generic 
name. New names of Philippine species are Colona meyaearpa 
(Merrill) Burret:, page 800; C. mollis (Warburg) Burret, page 
802; C. snbaeqmlis (Planehon) Burret, page 802, with descrip- 
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tion; C. lanceolata (Warburg) Burret, page 804; C. hirsuta 
(Warburg) Burret, page 804 (to this are reduced Columbia ina- 
equidentata Warburg and C. macgregorii Merrill) ; Colona 
jagori (Warburg) Burret, page 813; and C. philippinensis 
(Vidal) Burret, page 813. 

Genus ALTHOFFIA K. Schumann 

ALTHOFFIA LANIOKRA (Rlanco) Rurret. 

Althoffia lanigera (Blanco) Burrkt in Notizbl. Bot. Gari. Berlin 9 
(1926) 858. 

This is based on Eroteum laniger-um Blanco (1837), which 
in 1918 was transferred to Trichoxporum as T. lanigerum Mer¬ 
rill, replacing Trichosporum trivalve Merrill. The genus is new 
to the Philippines and in distribution is Philippine-eastern Ma¬ 
laysia as contrasted to Pent ace mentioned above, which is Philip- 
pine-western Malaysia. Five species are now known, one in the 
Philippines, three in New Guinea, and one extending from the 
Moluccas to the Bismarck Archipelago, New Guinea, and north¬ 
eastern Australia. 

GUTTIFER7E 

Genus CALOPHYLLUM Linnaeus 

CALOPHYLLUM MKCilSTANTHIlM ap. nov. $ Inophyllum. 

Arbor 6 ad 10 m alta; ramis teretibus glabris, ramulis ju- 
nioribus subangulatis vel sulcatis cum inUorcscentiisque dense 
ferrugineo-pubescentibus; foliis coriaceis, oblongis ad oblongo- 
ellipticis, 21 ad 30 cm longis, 7 ad 8.2 cm latis, supra in sic- 
citate pallidis, nitidis, utrinque glabris, brevissime obtuse 
acumnatis, basi acutis; petiolo 2.5 ad 4 cm longo; inflorescentiis 
terminalibus et in axillis superioribus, racemosis vel paniculatis, 
17 ad 30 cm longis, paucifloris; pedunculis 7.5 ad 12.5 cm longis; 
floribus permagnis, usque ad 5 cm diametro, albidis; pedicellis 
2.3 ad 3.8 cm longis; sepalis 6, binis exterioribus late ovatis, 
rotundatis, circiter 1 cm longis, interioribus majoribus; petalis 
2 ad 2.5 cm longis. 

A tree, 6 to 10 m high; the branches stout, terete, glabrous, 
5 to 8 mm in diameter, the branchlets somewhat angled or 
sulcate, reddish brown, ferruginous-pubescent. Leaves coriace- 
us, oblong to oblong-elliptic, 21 to 30 cm long, 7 to 8.2 cm wide, 
shortly and obtusely acuminate, base acute, upper surface shin¬ 
ing and pale when dry, the lower surface brownish yellow, gla¬ 
brous on both surfaces; lateral nerves very numerous, very 
slender, parallel; petioles 2.5 to 4 cm long, glabrous or sparsely 
pubescent. Inflorescences terminal and in the upper axils, race- 
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mose or paniculate, the older parts sparsely ferruginous-pubes¬ 
cent, the younger parts densely so, 17 to 30 cm long, including 
the peduncles, few-flowered; the peduncles 7.5 to 12.5 cm long. 
Flowers white, large, up to 5 cm in diameter, the lower pedicels 
up to 3.8 cm long, the upper ones shorter, the uppermost 2.3 
cm in length. Sepals G, the two outer ones coriaceous, pubes¬ 
cent, broadly ovate, about 1 cm long, the inner ones subglabrous 
to pubescent, suborbicular to oblong-obovate, 1.6 to 2.1 cm long. 
Petals white, oblong-obovate, rounded, very slightly pubescent, 
2 to 2.5 cm long, 1.5 to l.G cm wide. Stamens very numerous, 
yellow. Ovary glabrous, ovoid-globose. 

LUZON, Isabela Province, San Mariano, Bur. Sci. U71S7 Ra¬ 
mos and Edaho, March 15, 1926, in damp forests, altitude about 
300 meters. 

This species is perhaps allied to Calophyllnm ferrugineum 
Merrill, but is strikingly different from that. It is well charac¬ 
terized by its oblong to oblong-elliptic, large, glabrous leaves, 
with very numerous and very slender nerves; by its unusually 
large, 6-merous flowers, and by its elongated, few-flowered race¬ 
mose and paniculate inflorescences. 

FLACOURTIACE^E 

Genus CASEARIA Jacquin 

CASKARIA PILOSISSIMA up. nor. 

Frutex, ramulis foliisquc valde pubescentibus; foliis charta- 
ceis ad subcoriaceis, oblongis, utrinque dense pilosis, usque ad 
23 cm longis, 9.5 cm latis, breviter obtuse acuminatis, basi cor- 
datis, inaequilateralibus, margine crenatis, nervis utrinque 7 ad 
9, perspicuis; floribus axillaribus, fasciculatis, 5-meris, tenuiter 
(5 mm) pediccllatis; staminihus aequalibus, filamentis circiter 
1.5 mm longis, antheris 0.6 mm longis; fructibus pilosis, ovoideis 
ad ellipsoideo-ovoideis, circiter 2 cm longis, in siccitate obscure 
6-sulcatis, pedicellis usque ad 9 mm longis. 

A shrub, very conspicuously pubescent, the branches and 
branchlcts terete, densely pilose. Leaves oblong, chartaceous to 
subcoriaceous, 15 to 23 cm long, 5.5 to 9.5 cm wide, shortly 
and obtusely acuminate, the acumen 8 to 11 mm long, the base 
inequilateral, broad, somewhat cordate, the margins crenate, 
both surfaces covered with soft yellowish hairs, very densely 
pubescent beneath; lateral nerves 7 to 9 on each side of the mid¬ 
rib, prominent on both surfaces, somewhat evanescent toward 
the margins, curved, anastomosing; petioles densely pilose, 5 to 
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10 mm long. Flowers 5-merous, axillary, fascicled, their pedi¬ 
cels slender, about 5 mm long, densely pubescent. Sepals ovate, 
acute, densely pubescent outside, glabrous inside, coriaceous, 2.75 
to 3 mm long, 1.5 to 1.75 mm wide. Stamens equal; anthers 
oblong-ovoid, acute, about 0.6 mm long; filaments very slender, 
pubescent, about 1.5 mm long. Staminodcs pubescent, about 1.25 
mm long. Ovary ovoid, densely pubescent, narrowed to the 
short style, stigma capitate. Fruit yellow when fresh, dark 
brown when dry, pilose, ovoid to ellipsoid-ovoid, mature fruits 
about 2 cm long, 1.5 cm in diameter, obscurely 6-sulcate when 
dry. Seeds about 12 in each fruit, smooth, glabrous, light red¬ 
dish brown, inequilateral, ovoid, acute, 6 to 6 mm long, their 
pedicels 7 to 9 mm long. 

Mindanao, Davao Province, Galintan, Bur. Sci. 48874 Ramos 
and Edaho, June 5, 1927, on dry forested slopes, altitude about 
200 meters. 

A species manifestly allied to Casearia velutina Blume and 
Case aria prewiifolia Ventenat, differing in its larger, pubescent 
fruits and its more-conspicuous and denser indumentum. 

BEGONIACEj® 

Genus BKGONIA Liiimrus 
BEGONIA CASIGURANENS1S up. nov. fi Petermannia. 

Herba erecta, pauciramosa, 30 ad 50 cm alta; caulis ra- 
misque pubescentibus, perspicue sulcatis; foliis membranaccis, 
inaequilateraliter oblongo-obovatis, 7.5 ad 13 cm longis, 4.5 ad 

8 cm latis, acutis vel rotundatis, basi oblique obscure subcor- 
datis, margine irrcgulariter dentatis, subpalmatinerviis, supra 
glabris, subtus pubescentibus; inflorescentiis 6 racemosis, termi- 
nalibus vel in axillis superioribus, 9.5 ad 20 cm longis; floribus 

numerosis, dispersis, perspicue bibracteolatis, segmentis 6.25 
ad 7 mm longis, 5.5 ad 6.25 mm latis; staminibus 15-21; floribus 

9 solitariis, raritor binis ad basi inflorescentiis cf ; sepalis 2, 
1 ad 1.3 cm longis; capsulis obovatis, rotundatis ad truncatis, 
basi acutis, 1.7 ad 2.5 cm longis, 1.5 ad 2 cm latis, subaequaliter 
3-alatis. 

An erect somewhat branched herb, 30 to 50 cm high, the stems 
up to 1 cm in diameter, prominently suleate when dry, pubes¬ 
cent with short, appressed, reddish brown hairs. Leaves mem¬ 
branaceous, somewhat inequilateral oblong-obovate to obovate, 
7.5 to 13 cm long, 4.5 to 8 cm wide, acute to rounded, base 
obliquely subcordate, the narrower side acute to narrowly 
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rounded, the wider rounded and 0.5 to 2.5 cm wide, margins 
irregularly dentate, sometimes with acute lobes, these lobes 
never more than 1 cm deep, the upper suface glabrous, somewhat 
shining, the lower much paler, clothed with short dense red¬ 
dish brown hairs, particularly on the nerves and reticulations, 
and the whole surface covered with numerous small whitish 
dots; nerves 8 to 10, subpalmately arranged, mostly forked, 
reddish brown, prominent, much darker than the other parts 
of the lower surface, the reticulations somewhat distinct; peti¬ 
oles pubescent, 0.7 to 1.5 cm long, the lower ones usually longer, 
up to 3 cm long; stipules oblong, membranaceous, abruptly apicu- 
late-acuminatc, reddish brown, pubescent, 1.5 to 2 cm long. 
Inflorescences in the upper axils or terminal, unbranched, 9.5 
to 20 cm long, bearing at the base of the peduncle or at the 
lowest node of the rachis one or two pistillate flowers or fruits, 
and above these the racemoscly arranged, conspicuously brae- 
teolate staminate flowers, the rachis pubescent; staminate flowers 
white, each subtended by a pair of conspieous bracteolcs, these 
up to 1.5 cm long, 1.1 cm wide, becoming smaller toward the 
apex of the inflorescence; pedicels pubescent, up to 1 cm long, 
slender; sepals 2, oblong-ovate to suborbicular, 7-nerved, 6.25 to 
7 mm long, 5.5 to 6.25 mm wide; petals 0; stamens 15 to 21; 
anthers oblong to oblong-obovoid, 1 to 1.5 mm long, filaments 
slender, as long as the anthers. Pistillate flowers one or two at 
the base of the staminate inflorescence; sepals 2, oblong-ovate, 
1 to 1.3 cm long, 0.8 to 0.9 cm wide, 7-nerved. Capsules obovate 
in outline, rounded to truncate, base acute, including the wings 
1.7 to 2.5 cm long, 1.5 to 2.1 cm wide, glabrous, subequally 
3-winged, the wings in their upper portions 7.5 to 11 mm wide, 
pedicels 0.8 to 1.2 cm long, slender. 

LUZON, Tayabas Province, Casiguran (Cabulig River), Bur. 
Sri. 45277 Ramos and Edano (type), 45599 , May 28, 1925, along 
streams and in the open places at low altitudes. 

In general the leaves somewhat resemble those of Begonia rob - 
msonii Merrill, and perhaps this species is allied to the latter. 
It differs, however, in its elongated, racemose, simple, staminate 
inflorescences, the latter, together with the prominently brac- 
teolate flowers being the most striking characters of the species. 

BEGONIA ISABELENSIS np. nov. § Diploclinium. 

Foliis longe petiolatis, membranaceis, 10 ad 14.5 cm longis, 
6 ad 10.5 cm latis, late oblique ovatis, acute acuminatis, base 
inaequilateraliter subcordatis, margine breviter paucilobatis, ir- 
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regulariter denticulatis, dense ciliatis, supra glabris, subtus ad 
nervis reticulisque villosis, palmatinerviis; pctiolo 12.5 ad 25 cm 
longo; inflorescentiis longe pedunculatis, paucifloris, pedunculis 
usque ad 44 cm longis; pedicellis 3 tenuibus; sepalis quam pe- 
talis majoribus, rotundato-ovatis ad rotundatis, 12 ad 13.5 mm 
longis; staminibus circiter 60, liberis; capsulis aliis inclusis in 
ambitu obovatis, apice truncatis, basi rotundatis, 1.7 ad 2 cm 
longis, 2.5 ad 3.5 cm latis, valde inacqualitor 3-alatis, alis majori¬ 
bus usque ad 2.3 cm latis, minoribus vix 1 ad 2 mm latis, angulis 
superioribus subacutis ad obtusis. 

An herb from prostrate rhizomes, these 0.4 to 0.7 cm in dia¬ 
meter. Leaves long-petioled, 10 to 14.5 cm long, 6 to 10.5 cm 
wide, obliquely broadly ovate, acutely acuminate, base inequi¬ 
lateral, subcordate, rarely obtuse, membranaceous, pale green 
to olivaceous, glabrous above, sparsely pubescent with' light 
reddish brown hairs beneath, particularly on the nerves and 
the reticulations, margins with few short angular lobes, the pri¬ 
mary ones not more than three, these acute, never more than 1.8 
cm deep, margin irregularly denticulate and densely ciliate, base 
palmately 8-nerved, rarely 5-nervcd, the reticulations prominent; 
petioles long-ciliate when young, becoming glabrous in age, light 
straw-colored, 12.5 to 25 cm long; stipules light reddish brown, 
slightly pubescent, oblong-ovate, acuminate, apiculate, 1.7 to 2.5 
cm long, 1 to 1.5 cm wide. Inflorescence long-peduncled, dichot- 
omously branched, the primary branches 3.5 to 4.5 cm long, 
few-flowered, the peduncles glabrous, 32 to 44 cm long, rather 
stout. Staminate flowers pink and white, their pedicels up to 7 
mm long; sepals 2, rounded-ovate to rounded, base subcordate, 12 
to 13.5 mm long, 11 to 13 mm wide; petals 2, oblong-ovate to 
rounded-ovate or rounded, 6 to 7 mm long, 5 to 6 mm wide. Sta¬ 
mens about 60, free; anthers narrowly oblong-obovoid, 1 to 1.5 
mm long, equaling or shorter than the filaments. Pistillate 
flowers as large as the staminate ones. Capsules few, in outline, 
including the wings, obovate, truncate, base rounded, 1.7 to 2 
cm long, 2.5 to 3.5 cm wide, very unequally 3-winged, the wings 
reticulate, the largest one up to 2.3 cm wide at the top, much 
longer than the capsule proper and broadly rounded at the base, 
the next larger one up to 10 mm wide at the top and the smallest 
one scarcely more than a keel along one face of the capsule, 
1 to 2 mm wide at most. Pedicels slender, 3 to 3.5 cm long, 
angles of the wings subacute to obtuse. 
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Luzon, Isabela Province, San Mariano, Bur . Sci . 47207 Ramos 
and Edaho f March 14, 192G, on rocks along forested streams, al¬ 
titude about 400 meters. 

A species manifestly allied to Begonia luzonensis Warburg, 
different in its much longer, glabrous peduncles, longer petioles, 
and larger capsules. 

MYKTACE M 

Conus EUGENIA Micheli 

EUUKNIA TAYAUENSIS sp. nov. $ Svzyifium. 

Frutex glabcr; ramulis tenuibus, junioribus 4-angulatis; fo- 
liis parvis, coriaceis, 13 ad 25 mm longis, oblongo-obovatis ad 
elliptico-obovatis vel obovatis, obtusis ad rotundatis, basi acutis, 
margine revolutis, subtus disperse conspicue atro-punctatis, ner- 
vis obscuris ad obsoletis; infloroscentiis terminalibus, brevibus; 
floribus 4-meris, parvis, calycis tube 1.5 ad 1.75 mm longo, bre- 
viter dentato; petalis rotundatis, 1 ad 1.25 mm longis; staminibus 
circiter 44, usque ad 2 mm longis. 

A glabrous shrub, the trunk about 10 cm in diameter; branch¬ 
es terete, gray, 4 to 6 mm in diameter, the ultimate branchlets 
slender, about: 1 mm in diameter, 4-angled, the angles sometimes 
narrowly winged, reddish brown to dark brown. Leaves small, 
numerous, coriaceous, 13 to 25 mm long, 5 to 15 mm wide, oblong- 
obovate to elliptic-obovate or obovate, obtuse to rounded, base 
acute, shining above, the lower surface paler and with scattered 
conspicuous dark-colored glands, margin revolute; lateral nerves 
obscure to obsolete; petioles slender, 2 to 3 mm long. Cymes 
terminal, short, including the flowers and peduncles 1.5 to 3.2 cm 
long, dichotomous or trichotomous, the peduncles slender, 4 to 
8.5 mm long; bracts deciduous. Flowers small, 4-merous, white, 
mostly in threes or in fives, somewhat crowded, about 2.5 mm 
long; pedicels 3 to 4.75 mm long; bracteoles narrow, up to 1 
mm in length; calyx tube turbinate, 1.5 to 1.75 mm long, 2 to 2.5 
mm in diameter, the lobes 4, ovate, 0.5 to 1 mm long; petals 4, 
orbicular, rounded, 1 to 1.25 mm long. Stamens about 44, up 
to 2 mm long, indexed. 

Luzon, Tayabas Province, Mount Alzapan, Bur . Sci . 456 !)/ Ra¬ 
mos and Edano , June 7, 1925, in the mossy forest, altitude about 
2,000 meters. 

A species resembling and closely allied to Eugenia acrophUa 
C. B. Robinson, differing in its rounded, very obscurely nerved 
leaves and smaller flowers. 



176 The Philippine Journal of Science i#2» 

Genus TRJSTAN1A R. Brown 
TRISTANIA MICROPIIYLI.A *p. nov. 

Arbuscula, ramis glabris, teretibus, ramulis junioribus an- 
gulatis, parce pubescentibus; foliis numcrosis, parvis, coriaceis, 
15 ad 31 mm longis, 3.5 ad 10 mm latis, anguste oblongo-lan- 
ceolatis ad oblongo-elliptieis, apice attenuatis ad obscure acute 
acuminatis, basi acutis, margine revolutis, junioribus utrinque 
pubescentibus, vetustioribus nitidis, utrinque glabris, nervis ob- 
scuris ad obsoletis; cymis in axillis superioribus, usque ad 1.6 
cm longis, pubescentibus; iloribus parvis; calycis tubo turbinato, 
5-dentato; petal is orbicularibus, rotundatis, 2 ad 2.25 mm longis; 
staminibus circiter 18, vix in phalangibus dispositis; capsulis 

2.5 ad 3.5 mm longis, pubescentibus. 

A small tree about 3 m high, the branches terete, glabrous, 
light brown, rugose, 5 to 6 mm in diameter, the branchlets gla¬ 
brous, terete, the ultimate ones 4-angled, the angles obscurely 
and narrowly winged, appressed-pubescent. Leaves small, nu¬ 
merous, crowded, coriaceous, narrowly oblong-lanceolate to 
oblong-elliptic, apex attenuate to obscurely and acutely acumi¬ 
nate, base acute, margin revolute, 15 to 31 mm long, 3.5 to 10 
mm wide, dark brown, glabrous and shining above, glabrous 
beneath, the younger ones pubescent on both surfaces; lateral 
nerves very slender, closely arranged, obscure to obsolete, in 
cases where a count is possible 20 to 24 on each side of the 
midrib; petioles 1 to 2.5 mm long. Inflorescences in the upper 
axils, cymosc, including the flowers and peduncles 10 to 16 mm 
long, densely ferruginous pubescent with appressed hairs, the 
peduncles slender, 4 to 9.5 mm long; bracts narrowly elliptic, 

3.5 to 6 mm long, deciduous. Flowers small, yellow, mostly in 
threes, 3 to 4 mm long, their pedicels 2 to 3 mm long; bracteoles 
minute, ovate-lanceolate, acute, 1 to 1.25 mm in length. Calyx 
tube turbinate, 1 to 1.5 mm long, about 3 mm in diameter, the 
lobes 5, ovate, subacute to obtuse, 1 to 1.5 mm long. Petals 
orbicular, rounded, somewhat narrowed at the base, glabrous, 
2 to 2.25 mm long, 2 to 2.5 mm wide. Stamens about 18, ar¬ 
ranged in one series, although indications of an irregular group¬ 
ing are evident, 1.75 to 3 mm long. Ovary 3-cellcd, globose- 
obovoid, pubescent; style subulate, about 3 mm long, glabrous. 
Capsules small, dark brown, the valves oblong-ovate, rounded, 

2.5 to 3.5 mm long, pubescent with stiff, short hairs. 

LUZON, Nueva Vizcaya Province, Mount Alzapan, Bur. Sci. 
45613 Ramos and Edano f May 21, 1925, on slopes in the mossy 
forest, altitude about 1,700 meters. 
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This species differs from typical Tristania in that the stamens 
are arranged in a single series, although there are indications 
of an irregular grouping; they are not arranged in definite 
phalanges, and the filaments are free. It does not appear to 
belong to any described section of the genus, yet we are confident 
that it is correctly placed in Tristania, although somewhat anom¬ 
alous in the arrangement of its stamens. It is further char¬ 
acterized by its numerous, unusually small, elliptic leaves and 
its short, pubescent inflorescences. 

MELASTOMATACEAJ 

Genus EISOCREOCIIITON novum 

Flores 4-meri. Calyeis tubus urccolatus vel ovoideus, decidue 
stellati; limbus subdilatatus, minute 4-lobatus. Petala 4, oblon- 
ga, obtusa, glaberrima. Stamina 4, aequalia, filamentis tenui- 
bus, antherae subulatae, incurvae, minute 1-porosae, conncctivo 
infra loculos non producto, inerassato, transverse subeordato, 
antiee breviter biappendieulato, posticc 1-appendiculato. Ova¬ 
rium 4-loculare, vertices puberulum; stylus filiformis; stigmate 
punctiformi. Fructibus ignotis. Frutex scandens, eaule elon- 
gato, terctiusculo, dense plumoso-stellato. Folia opposita, pe- 
tiolata, subeoriaeea, ovata, parva, integerrima, 5-nervia. Flores 
parvi vel mediocri, pauci, pedicellati, perspicuc bibractcati, in 
paniculas racemiformes axillares dispositi. 

EISOCREOCIUTON BRACTEATA «p. nov. Plate 4. 

Frutex scandens, partibus junioribus perspicue stellatim plu- 
moso-tomentosus, indumento ferrugineo, ramulis teretibus, gra¬ 
cilis, 1 ad 1.5 mm diametro; foliis oppositis, ovatis, distincte 
acuminatis, utrinque viridibus, basi acutis, 3.2 ad 5.5 cm longis, 
1.0 ad 3.5 cm latis, supra gJabris vel junioribus dense decidue 
ferrugineo-tomentosis, subtus plumoso-stellatis, vetustioribus 
glabrescentibus, 5-nerviis, nervis perspicuis, nervulis transver- 
salibus tenuibus; petiolo 1.2 ad 2 cm longo, decidue stellatim plu- 
moso-tomentoso; inilorescentiis paucifloris, pedunculatis, brac- 
teatis, bracteis l)racteolisque perspicuis, membranaceis, oblongo- 
ovatis ad late ovatis, 8 ad 11 mm longis, 4 ad 8 mm latis, brac- 
teolis lloribus involucrantibus; calycis tubo 3 ad 4 mm longo; 
petalis 0.5 ad 7.25 mm longis; antheris circiter 4 mm longis, 
conncctivo basi inerassato, baud producto, transverse subeordato. 

A scandent shrub with very hard wood, the branchlets 1 to 1.5 
mm in diameter, slender, terete, densely covered with ferruginous 
plumose-stellate, ultimately deciduous indumentum. Leaves 
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ovate, distinctly acuminate, base acute, chartaceous to subcoria- 
ceous, 3.2 to 5.5 cm long, 1.6 to 3.5 cm wide, both surfaces 
green, the lower slightly paler, the upper surface glabrous, the 
lower surface more or less covered with ferruginous plumose- 
stellate hairs, which are deciduous in age, the very young leaves 
densely pubescent on both surfaces, 5-nerved, the longitudinal 
nerves prominent, the inner pair much more conspicuous than 
the marginal ones, reaching the apex, the transverse nervulcs 
and reticulations slender, distinct; petioles t.2 to 2 cm long, 
slender, plumose-stellate-pubescent, the older ones glabrous. In- 
florescence raeemiform, few-flowered, pedunculate, axillary, con¬ 
spicuously ferruginous plumose-stellate-pubescent, 4 to 5 cm long, 
the peduncles 1.6 to 2 cm in length. Flowers 4-merous, pedi¬ 
cellate, bibracteolate, the branches bearing solitary flowers bi- 
bracteate, the pedicels (branches) about 10 mm long; bracts and 
bracteoles membranaceous, pale green, oblong-ovate to broadly 
ovate, 8 to 11 mm long, 4 to 8 mm wide, more or less concave, 
the bracteoles more or less inclosing the flowers; calyx tube 3 to 
4 mm long, minutely lobed, when young densely stellate-pubes¬ 
cent, soon becoming glabrous; petals 4, white, oblong, obtuse, 
entire, 6.5 to 7.25 mm long, about 4 mm wide; stamens 4, equal, 
their filaments slender, about 4 mm long; anthers subulate, 
curved, attenuate, dehiscing by an apical pore, about 4 mm long, 
the connective thickened, not produced, transversely cordate, 
anteriorly shortly 2-appendiculate, posteriorly shortly 1-appen- 
diculate; ovary 4-celled, adhered to the calyx, the apex puberu- 
lent; style slender, 8.5 to 8.75 mm long; stigma punctiform. 

Luzon, Nueva Vizcaya Province, Mount Alzapan, Bur . Sci. 

Ramos and Eda-no, May 24, 1925, climbing on trees on 
forested slopes, altitude about 1,700 meters. 

Although in vegetative and inflorescence characters this spe¬ 
cies closely approximates Creochiton , its floral characters are 
totally different. It seems clearly to fall in the tribe Oxysporea?, 
near Blast us , although radically different from this genus in its 
prominently bracteate and bracteolate flowers and its thickened 
but not produced, transversely cordate, anteriorly biappendicu- 
late and posteriorly 1-appendiculate connectives. The collector 
notes that the wood is unusually hard and tough. 

Genus MEDINILLA Gaudichaud 

MKIHNILl.A MULT1AI.ATA up. nov. § Rumeflinilln. 

Frutex scandens, epiphyticus, glaber, ramis angustc 8-alatis; 
foliis vorticillatis, brevipetiolatis, late ellipticis ad obovatis, 
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usque ad 23 cm longis, 12 cm latis, 7-plinerviis, apice abrupte 
submucronato-acuminatis, basi decurrento-acuminatis; infruc- 
tescentiis axillaribus, brevibus, pedunculatis, paucifloris; fruc- 
tibus 5-locellatis, glabris, paucis, obovoideis, truncates, 1.5 ad 2 
cm longis, 1.5 ad 1.75 cm diametro. 

A scandent, epiphytic, glabrous shrub, the branches narrowly 
8-winged, 8-sulcate, 7 to 8 mm in diameter. Leaves in whorls 
of 4 at each node, broadly elliptic to obovate, 14 to 23 cm long, 
7.5 to 12 cm wide, membranaceous when dry, abruptly submu- 
cronate-acuminate, the slender acumen 4 to 8 mm long, the base 
decurrent-acuminate, 7-plinerved, the upper four lateral nerves 
prominent, reaching the apex, the external ones slender, some¬ 
what obscure; petioles 5 to 10 mm long. Infructcsccnce pedun- 
cled, up to 7.5 cm long, in the axils of fallen leaves, subcymose, 
the peduncles 1.5 to 5 cm long. Fruits few, dark red, glabrous, 
5-celled, pulpy, subumbellate on the few primary branches, obo- 
void, truncate, 1.5 to 2 cm long, 1.5 to 1.75 cm in diameter, their 
pedicels 1 to 1.3 cm long. 

Mindanao, Davao Province, Mount Mayo, Bur. Sci. J+PUU7 
Ramos and Kdaho , May 1G, 1927, on damp forested slopes, alti¬ 
tude about 1,000 meters. 

A species belonging in the group with Medinilla pterocaula 
Plume and Medinilla crispata Plume, differing strikingly in its 
much larger, broadly elliptic to obovate, mucronate, 7-plinerved 
leaves. 


MEDINILLA TYCNANTIIA gp. nov. § Eumcdinilla. 

Frutex epiphyticus, ramulis inflorescentiisque dense ciliato- 
villosis, ramis teretibus, glabris, nodis barbatis; foliis oppositis, 
petiolatis, in paribus distincte inaequalibus, oblongo-ellipticis, 10 
ad 19 cm longis, 4.5 ad 7.2 cm latis, utrinque glabris, apice acu- 
minatis, basi subacutis ad acutis, 7-plinerviis, reticulis obsoletis; 
inflorescentiis terminalibus, 4 ad 7.5 cm longis, cylindricis, pe¬ 
dunculatis, densifloris; floribus 5-meris, calycibus dense setosis, 
bracteolis conspicuis. 

An epiphytic shrub, the branches terete, glabrous, grayish, 
3 to 4.5 mm in diameter, bearded at the nodes. Leaves opposite, 
in distinctly unequal pairs, oblong-elliptic, subcoriaeeous, 10 to 
19 cm long, 4.5 to 7.2 cm wide, glabrous on both surfaces, or 
the young ones somewhat pubescent on the nerves beneath, green, 
shining, shortly acute acuminate, base subacute to acute, 7- 
plinerved, the reticulations obsolete; petioles glabrous, or the 
younger ones densely eiliate-villose, 1.5 to 4.5 cm long. Ra- 
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cemcs spikelike, cylindric, very dense, axillary, 4 to 7.5 cm long, 
2.4 to 3 cm in diameter, pedunculate, the peduncles densely ci- 
liate-villose, 1.5 to 2.5 cm long; llowers 5-merous; calyx in fruit 
densely ciliate-setose, cup-shaped, 5 to 7 mm long, 4 to 6 mm in 
diameter, with 5 minute teeth; pedicels 2 to 3 mm long, densely 
ciliate-setose; bracts red, more or less ciliate outside and on the 
margins, glabrous inside, oblong to oblanceolate, 15 to 22 mm 
long, 4 to 8.5 mm wide, acute. 

Luzon, Nueva Vizcaya Province, Mount Alzapan, Bur. Sci. 
45580 Iiamos and Edaho, May 24, 1925, on tree trunks on slopes 
in the mossy forest, altitude about 1,600 metei's. 

A species characterized by it dense cylindric inflorescences, 
and its conspicuously bracteolate flowers, the peduncles, branch- 
lets, and younger petioles being densely ciliate-villose. 

MEDINIIXA KADICIKLOKA up. nov. 

Frutex cireitcr 2 m altus, ramis ramulisque teretibus, dense 
pallide stellato-tomenlosis; foliis petiolatis, ehartaceis, opposi¬ 
te, late ellipticis, 15 ad 24 cm longis, 8.5 ad 13.5 cm latis, 11- 
ad 14-plincrviis, acute acuminatis, basi obtusis ad cordulatis, 
supra glabris, subtus densissime stellato-tomentosis; inllores- 
centiis e radicibus oriundis, usque ad 16 cm longis, densis, erectis, 
diehotome multiramosis; lloribus 4-meris, pedicellis usque ad 1 
cm longis; staminibus 8, inacqualibus; bracteolis conspicuis. 

A shrub about 2 m high, the branches and branehlets terete, 
densely covered with pale stellate-tomentose hairs, the branehlets 
about 5 mm in diameter. Leaves opposite, broadly elliptic, char- 
taceous, 15 to 24 cm long, 8.5 to 13.5 cm wide, the younger ones 
very densely covered on both surfaces with pale stellate-tomen- 
tosc hairs, the older ones glabrous on the upper surface, oliva¬ 
ceous-green above, pale brownish beneath, acutely acuminate, the 
base obtuse to slightly cordate, 11- to 14-plinerved, the nerves 
prominent, curved, ascending, the primary reticulations some¬ 
what distinct; petioles very densely stellate-tomentose, 1 to 3 cm 
long. Cymes borne on the roots, erect, densely and many- 
flowered, repeatedly dichotomously branched, 7 to 16 cm long, 
up to 14 cm wide, shortly pcdunclcd or the glabrous peduncles 
up to 7 cm in length, the younger parts sparingly stellate-pubes¬ 
cent. Flowers 4-merous, about 1.6 cm long, their pedicels up to 
1 cm long, stellate-tomentose, the bracteoles conspicuous, mem¬ 
branaceous, stellate-tomentose outside, lanceolate to oblong-lan¬ 
ceolate, narrowed to the acute apex, base obtuse, 1.2 to 1.5 cm 
long, about 0.5 cm wide. Calyx urceolate, 4-toothed, stellate- 
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tomentose outside, 8 to 10 mm long:, 4 to 5 mm in diameter, the 
teeth triangular, acute, 1.26 to 1.5 mm long. Petals 4, purplish, 
glabrous, obovate, the somewhat rounded apex with one or two 
minute notches, 10 to 11 mm long, about 8 mm wide at the 
widest portion. Stamens 8, unequal, the longer ones about 12 
mm. long, the shorter ones about 10 mm long; anthers of the 
longer stamens about 7 mm long, of the shorter ones about 6 
mm long, both types of anthers slender, slightly curved or nearly 
straight, lanceolate, acute, the dorsal appendage about 0.5 mm 
long, the anterior ones subglobose, stout, blunt, about 0.75 mm 
long. 

Mindanao, Davao Province, Limot (Mount Mayo), Pur. Set. 
49544 Ramos and Edaiio, May 24, 1927, along damp forested 
streams, altitude about 750 meters. 

A species with vegetative characters somewhat resembling 
those of Medinilla venosa Blumc, differing very strikingly in 
its densely flowered, repeatedly dichotomous inflorescences which 
are borne on the roots. 

Bur. Sci. 49044 Ramos and Edaiio, from Mati, Davao Prov¬ 
ince, probably represents a form of the same species, differing 
in its smaller, narrowly elliptic leaves, 10.5 to 20 cm by 5 to 

9 cm, with acutely attenuate apices, and its smaller inflorescences, 
5 to 8 cm long, which are borne on the trunk. 

MKD1N1LLA SULCATA sp. nov. 8 Kumedinilln. 

Frutex scandens, epiphyticus, glaber; ramis ramulisque 8- 
angulatis, 4 ad 6 mm diametro; foliis verticillatis, oblongo-ellip- 
ticis, 6.5 ad 11 cm longis, 3 ad 5.7 cm latis, 5-plincrviis, apice 
acuminatis, basi acutis; inllorescentiis fasciculatis, breviter pe- 
dunculatis vcl sessillibus, paucilloris; lloribus 6-meris, pedicellis 
filiformibus, 10 ad 17 mm longis; staminibus 12, inaequalibus. 

A seandent, epiphytic, glabrous shrub; the branches and 
branchlets distinctly 8-angled or sulcata, 4 to 6 mm in diameter. 
Leaves in whorls ol‘ 4 at each node, oblong-elliptic, 6.5 to 11 cm 
long, 3 to 5.7 cm wide, membranaceous, when dry brittle, ileshy 
when fresh, glabrous on both surfaces, somewhat rugose be¬ 
neath, apex acutely acuminate, base acute, 5-plinerved, the ex¬ 
ternal nerves slender and somewhat obscure; petioles purple, 

10 to 20 mm long. Flowers 6-merous, axillary or in the axils 
of fallen leaves, 2 to 5 in a fascicle, the fascicles sometimes on 
peduncles up to 2 mm long; the bracts and bracteoles deciduous 
or none; pedicels very slender, 10 to 17 mm in length; calyx cup¬ 
shaped, truncate, minutely 6-denticulate, glabrous, 4 to 4.5 mm 
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in diameter; petals 6, membranaceous, glabrous, oblong-obovate, 
about 11 mm long, 7.5 mm wide, the apex with a minute apicu- 
lum at the notch; stamens 12, unequal, the longer ones about 13 
mm long, the shorter ones about 11 mm long; anthers on the 
longer stamens about 7 mm long, ol‘ the shorter ones about 6 mm 
long, both types of anthers slender, somewhat curved or straight, 
lanceolate, acute, the dorsal appendage slender, about 0.75 mm 
long, the anterior ones subglobose, stout, blunt, about 1 mm long. 

Luzon, Cagayan Province, Panablanca, Bur. Sci. 165b!) Ramos 
and Edaho , April 2, 1926, on trees, along forested streams, at 
low altitudes. 

A species probably belonging in the group with Medinilla 
rerticiUata Merrill, differing strikingly in its angled and sul- 
cate branches and branchlets and in its fascicled, slenderly 
pedicelled flowers. 

MEDINILLA WENZELIi up. nov. * Ewnedinilla. 

Frutex epiphyticus, glaber; ram is teretibus, ramulis angulatis, 
sulcatis; foliis verticillatis, quaternis, coriaceis vel subcoriaceis, 
obovatis ad elliptieo-obovatis, acutis ad obtusis, basi cuneatis, 3- 
nerviis, 3 ad 5.5 cm longis, 1.5 ad 3 cm latis; inflorescentiis 
axillaribus, 1-floris, pedunculis bracteatis, bracteis oblongo-ellip- 
ticis, 5 ad 7 mm longis; floribus 6-meris; calycibus cupulatis, 
truncatis, post anthesin usque ad 1 cm longis, extus appendicibus 
paucis brevibus patulis rigidis instructis. 

A glabrous epiphytic shrub; the branches terete, light gray, 
the branchlets angled and sulcate, slender. Leaves whorled, 4 
rarely 3 at each node, coriaceous to subcoriaceous, ovate to 
elliptic-obovate, acute to obtuse, base cuneate, prominently 3- 
nervcd, 3 to 5.5 cm long, 1.5 to 3 cm wide, reticulations obscure 
or obsolete; petioles 5 to 12 mm long. Inflorescence axillary, 
simple, 1-flowercd, the peduncle 5 mm long or less, bracteate, 
the bracts 5 to 7 mm long, oblong-elliptic. Calyx cup-shaped, 
truncate, in bud about 5 mm long, with scattered, rigid, spread- 
ing appendages about 1 mm in length. Petals 6, fleshy, broadly 
rounded-ovate, somewhat apiculate, in young buds about 6 mm 
long, 7 mm wide. Stamens 12, subequal; anthers 6 to 6.5 mm 
long (immature). Fruit cylindric-cup-shaped, truncate, about 
1 cm long, the calyx tube truncate, somewhat produced, about 
8 mm in diameter. 

Mindanao, Surigao Province, Tubud, Placer, C. A. Wenzel 
3021 (type in the herbarium of the University of California), 
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August 1, 1927, epiphytic on large* forest trees at an altitude 
of about 150 meters. 

A curious species, the vegetative characters resembling some¬ 
what those of Medinilla nialind any ease Merrill, strongly charac¬ 
terized by its solitary 6-merous flowers, the calyx tube bearing 
characteristic, scattered, spreading, rigid appendages about 1 
mm in length. By Cogniaux’s arrangement of the species it 
falls in the group with Medinilla crassinerria Blume but is re¬ 
mote from all the described species in this assemblage. 

Cenus MEMKCYLON Linnuus 
MEMKCYLON AZURINII *p. nov. 

Frutex glaber, 1 ad 1.5 m altus; ramis teretibus, laevis, 6 ad 
7 mm diametro; ramulis teretibus, minute distanter verrucosis; 
foliis oblongis, crassissime coriaceis, 21 ad 31 cm longis, 6.5 ad 
12 cm latis, apice obtusis ad retusis, basi rotundatis, sessilibus, 
utrinque glabris nitidisque; nervis lateralibus utrinque circiter 
21, tenuibus, subdistinctis, marginalibus aequaliter conspicuis, 
reticulis obsoletis; infructescentiis terminalibus axillaribusque, 
pedunculatis, paucifloris, 6 ad 8 cm longis; fruetibus globosis, 
6 ad 7 mm diametro. 

A glabrous shrub, i to 1.5 rn high ; the branches terete, smooth, 
6 to 7 mm in diameter; the branchlets terete, reddish brown, 
minutely and distinctly verrucose. Leaves sessile, oblong, very 
thickly coriaceous, olivaceous-brown, glabrous and shining on 
both surfaces, 21 to 31 cm long, 6.5 to 12 cm wide, pinnately 
nerved, the midrib reddish brown, very prominent; lateral 
nerves about 21 on each side of the midrib, somewhat obscure, 
anastomosing with the equally distinct marginal veins, the retic¬ 
ulations obsolete, apex obtuse to refuse, base rounded. Tnfruc- 
tescence terminal and axillary, peduncled, 6 to 8 cm long, about 
as wide, the peduncles and branches subglabrous or slightly pu¬ 
bescent; fruits globose, lilac or red, black when dry, 6 to 7 mm 
in diameter, their pedicels slender, glabrous, 2 to 3 mm long, 
subtended by numerous minute bracteoles. 

Luzon, Isabela Province, Bagao, For. Bur. 29372 Azurin , 
March, 1923 (type in the herbarium of the University of Cali¬ 
fornia), in forests, altitude about 100 meters; local name, casi- 
fjaif (Negr.) ; Mount Moises, Bar. Sci. 1730.1 Iiamos and Edano , 
March d, 1926, along forested streams, altitude about 900 
meters. 



184 


The Philippine Journal of Science 


1928 


This species docs not closely resemble any previously de¬ 
scribed form, being remarkably well characterized by its large, 
sessile, oblong, very thickly coriaceous leaves, which are obtuse 
to retuse at the apex and rounded at the base, and by its mi¬ 
nutely verruculose branchlets. 

Genus OSBECKIA Linnaeus 

OHUECK1A LUZON IENSIS sp. nov. § Aateroatoma. 

Frutex erectus, circiter 1 m altus; ramis viridibus, glabris, sub¬ 
obscure tetragonis, 3 ad 4.5 mm diametro, ramulis tetragonis, 
parcissime adpresse strigosis; foliis membranaceis, viridibus, 
supra disperse adpresse strigosis, subtus ad nervis nervulisque 
parcissime striolatis, 6.5 ad 12.5 cm longis, 1.5 ad 3 cm latis, 
lanceolatis, apice tenuiter acute attenuates, basi acutis, 5-nerviis; 
fioribus paucis, terminalibus, circiter 3.5 cm longis, 3 cm dia¬ 
metro; calycibus ovoideis, viridibus, perspicue dense pedicellatim 
stellato-setosis, 2 ad 2.5 cm longis, circiter 1.5 cm diametro; pe- 
talis 5, violaceis, circiter 2 cm longis, 1.5 cm latis obovatis, 
rotundatis; staminibus 10, aequalibus, circiter 2 cm longis; an- 
theris lineari-lanceolatis, haud curvatis, circiter 10.5 mm longis. 

An erect shrub about 1 m high, the smooth branches sub- 
obscurely 4-angled, green, glabrous, 3 to 4.5 mm in diameter, 
the branchlets sparsely appressed strigose; leaves membrana¬ 
ceous, lanceolate, green, attenuate, apex acutely acuminate, base 
acute, 6.5 to 12.5 cm long, 1.5 to 3 cm wide, above scattered 
striolate, beneath on the nerves and veinlets sparingly appressed 
strigose, 5-nerved, the nerves and reticulations distinct; petioles 
sparingly appressed strigose, 4 to 9 mm long. Flowers terminal, 
solitary or in threes, about 3 cm in diameter, their pedicels 
slender, 1 to 2 cm long; bracts about 9.5 mm long, 5 mm wide, 
ovate, caudate, ciliate; calyx ovoid, green, 2 to 2.5 cm long, about 
1.5 cm in diameter, covered with stalked stellate seta 1 , the teeth 
stellately hairy, linear-lanceolate, about 10 mm in length; petals 
5, violet, about 2 cm long, 1.5 cm wide, obovatc, rounded; stamens 
10, equal, the anthers about 10.5 mm long, linear-lanceolate, 
not curved, with 2 tubercles, the connectives very slightly pro¬ 
duced, the filaments about as long as the anthers; ovary ovoid, 
5-celled, with 10 short, papery lobes about the apex, and ending 
in a setose point. 

LUZON, Tayabas Province, Mount Aizapan, Bur. Sci. 45719 
Ramos and Edano , June 6, 1925, a very rare plant in the open 
places and along streams, at low altitudes. 
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A species strongly characterized by being nearly smooth, not 
harsh, sparingly striolate or strigose, and its ovoid, densely stel¬ 
late-setose calyces, the tufts being conspicuously pedicillate. 

MYRSINACEvE 

Genus DISCOCALYX Mcz 
DISCOCALYX XIPHOPDYLLA up. nov. 

Frutex dioicus, glabcr, saltern 1 m altus; foliis numerosis, 
lineari-lanceolatis, 13 ad 25 cm longis, 0.8 ad 1.5 cm latis, inte- 
gris, olivaceis, chartaceis, nitidis, utrinque reticulatis, longe 
acute acuminatis, basi attenuatis, nervis numerosis, subobscuris; 
inflorescentiis paniculatis, paucifloris, 5 ad 10 cm longis in ramis 
specialibus lateralibus tenuibus usque ad 20 cm longis dispositis; 
floribus <? paucis, 1.25 ad 1.5 mm diametro, tenuiter pedicellatis, 
sepalis circiter 0.7 mm longis, acuminatis; petal is punctatis, cir- 
citcr 1.25 mm longis; fructibus circiter 5 mm diametro. 

A glabrous dioecious shrub, at least 1 m high, simple or spar¬ 
ingly branched, the branches terete, the branchlets smooth, 2 to 3 
mm in diameter. Leaves numerous, pseudoverticillately crowd¬ 
ed at the top and at the close of a season’s growth, linear- 
lanceolate, 13 to 25 cm long, 0.8 to 1.5 cm wide, entire, char- 
taceous, olivaceous, shining, glabrous, punctulate on both sur¬ 
faces, narrowed to the acutely acuminate apex, base attenuate; 
lateral nerves about 25, slender, distinct but not more prominent 
than the primary reticulations; petioles thickened, up to 1 cm 
long. Special lateral branches bearing the inflorescences slen¬ 
der, 15 to 20 cm long, simple or with one or two 1 to 4 cm long 
branches near the top, sometimes with a few, small, leaflike 
bracts 1 to 1.8 cm long, on the lower part; branchlets with 
numerous scars, slightly thickened, bearing one or few very 
slender, few-flowered, 5 to 10 cm long panicles at or near their 
apices. Staminate flowers few, reddish, 1.25 to 1.5 mm in dia¬ 
meter, 5-merous, their pedicels very slender, 6 to 8 mm long, 
subtended by very minute bractcoles; sepals about 0.75 mm 
long, punctate, oblong, obtuse; petals united below, oblong- 
obovate, rounded, punctate, about 1.25 mm long; stamens 5, 
subsessilc, anthers oblong, obtuse, about 0.75 mm long. Fruit 
subglobose, about 5 mm in diameter, when dry brown and with 
distinct but shallow longitudinal grooves; the punctate persis¬ 
tent sepals ovate-lanceolate, acuminate, 0.75 to 1 mm long. 
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Luzon, Tayabas Province, Mount Alzapan, Bur. Sci 45678 
Romos and Eduho, June 6, 1925, in forests, altitude about 1,800 
meters. 

A species probably belonging in the group with Discocabj.c 
linenrifolia Klmer but totally different in its vegetative and in¬ 
florescence characters. It notably differs from D. angmlissima 
Merrill in its entire leaves. 


Genus MAESA Forskal 

MAKS A RAMOSI1 *i>. nov. S Kumaesa. 

Krutox glaber, eirciter 1 m altus, ut videtur erectus; ramulis 
teretibus, lenticellatis; foliis ovato-lanceolatis, chartaccis ad sub- 
coriaceis, 7.5 ad 10.5 cm longis, 2.4 ad 3.2 cm latis, perspicue 
acute attenuates, basi acutis, marline distincte subrepando- 
dentatis; nervis utrinque 5 vel 6, perspicuis; intlorescentiis axil- 
laribus, 1.5 ad 3.3 cm longis, anguste panieulatis; florihus paucis, 
breviter pedicellatis; sepalis orbiculari-ovatis, rotundatis, inte- 
gris, baud lineatis, margine ciliatis, eirciter 1 mm longis; corolla 
eirciter 2 mm longa, lobis usque ad medium eonnatis, orbiculari- 
ovatis, rotundatis, baud lineatis, integris. 

A glabrous, apparently erect shrub at least 1 m high, the 
branches terete, reddish brown to brown, prominently lenticel- 
late. Leaves ovate-lanceolate, firmly chartaceous to subcoria- 
ceous, 7.5 to 10.5 cm long, 2.4 to 3.2 cm wide, the upper surface 
brownish olivaceous, the lower surface paler, apex prominently 
and acutely acuminate, base acute, margin distinctly subrepand- 
dentate; lateral nerves 5 or 6 on each side of the midrib, promi¬ 
nent, curved, ascending, anastomosing; petioles slender, 1.6 to 
2.2 cm long. Panicles axillary, glabrous or slightly puberulont, 
1.5 to 3.3 cm long; flowers 5-merous, white, not numerous, their 
pedicels slightly puberulont, about 1 mm long, the bracts spathu- 
late-lanceolate, 2 to 4 mm long, the bracteoles ovate-lanceolate, 
acute, cymbiform, about 1 mm long; sepals orbicular-ovate, 
rounded, entire, not lineate, the margins ciliate, about 1 rnm 
long; corolla 5-lobed, about 2 mm long, the lobes connate to the 
middle, orbicular-ovate, rounded, not lineate, entire; stamens in¬ 
serted about the middle of the tube, the filaments about twice 
as long as the anthers. 

Luzon, Isabela Province, Mount Moises, Hur. Sci . f t727;Z 
Kamos and Ktlafio , March 4, 1926, in forests, altitude about 
1,300 meters. 
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A species allied to Maesa laxa Mez, but distinguished by its 
smaller ovate-lanceolate, conspicuously acuminate leaves and its 
short, few-flowered inflorescences. 

OLEAOE/E 

(»on us JASMIN I'M Tourncfort 
JASMINUM OLICJANTHL'M «p. nov. § UnifuliolaU. 

Frutex scandens, glaber, minis teretibus, laevis, 2 ad 3 mm 
diametro; ramulis tenuibus, cireitor 1 mm diametro; foliis ovato- 
lanceolatis, (> ad 9.5 cm longis, 1.8 ad 3.7 cm latis, subchartaceis, 
utrinquc nitidis, concoloribus, glabris, acute acuminatis, basi 
acutis, liervis utrinque 5 vcl (5, subtus perspicuis, arcuato-anas- 
tomosantibus; petiolo breviter parcc pubcrulo, 5 ad 10 mm Ion go; 
inflorescentiis terminalibus axillaribusquc, paueilloris; floribus 

1 ad 3, albidis, 4.5 ad 5 cm longis, longe (2 ad 2.5 cm) pedicel- 
latis; calycis lobis 6, linearibus, acutis, tenuibus, 2 ad 4 nun 
longis; corollac tubo 1.6 ad 2 cm longo, lobis 9 ad 11, lincaribus, 
14 ad 17 mm longis, 2 ad 3 mm latis; fructibus globosis ad 
ellipsoideis, 9 ad 12 mm longis. 

A scandent, glabrous or nearly glabrous shrub, the branches 
terete, smooth, glabrous, 2 to 3 mm in diameter, the branchlets 
slenderer. Leaves ovate-lanceolate, 6 to 9.5 cm long, 1.8 to 
3.7 cm wide, subchartaceous, shining and glabrous on both sur¬ 
faces, the apex sharply acuminate, base acute; lateral nerves 
5 or 0 on each side of the midrib, prominent beneath, ascending, 
arched-anastomosing, the reticulations lax; petioles minutely 
puberulent. or glabrous, 5 to 10 mm long. Inflorescence termi¬ 
nal and axillary, mostly 3-flowered, the rachis minutely puberu¬ 
lent, slender, the bracts linear-lanceolate, minutely puberulent, 

1.5 to 2 mm long; flowers 1 to 3, their pedicels slender, 2 to 

2.5 cm long; calyx usually 6-lobed, the tube cylindric, glabrous, 
the lobes linear, acute, slender, their margins minutely ciliate, 

2 to 1 mm long, two sometimes longer than the others; corolla 
white, the tube slender, 1.6 to 2 cm long, 1 to 1.25 mm in dia¬ 
meter, the lobes 9 to 11, linear, 1.4 to 1.7 cm long, 2 t<> 3 mm 
wide. Anthers linear, subsessile, about 5 mm long, the fila¬ 
ments very short. Ovary sparsely pubescent at the apex. 
Fruits usually simple, sometimes didymous, the carpels globose 
to ellipsoid, black when dry, 9 to 12 mm long, 7 to 9 min in 
diameter, their pedicels slender, 1.5 to 2.5 cm long. 

Luzon, Tayabas Province, Casiguran, Bar. Sci. Ramos 

and Edaho, June 11, 1925, in damp forests, along streams at 
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low altitudes; Isabela Province, San Mariano, Bur. Sci. 46957, 
47118 Ramos and Edaho, February 18, 1926, in forests at low 
altitudes. 

A species obviously allied to Jasminum bifarium Wallich, and 
very close to Jasminum ixoroides Elmer; distinguished from the 
latter by its long pedicels and longer corolla lobes. 

Genus LIGUSTRUM Tournefort 

IJCiUSTKUM STENOPHYLLUM up nov. § Sapdrupace*. Robust*. 

Frutex erectus, ramulis inflorescentiisque, exceptis glaber, 
ramis teretibus, glabris, lenticellatis, pallidis, 1.5 ad 3 mm dia- 
mctro, ramulis breviter pubescentibus; foliis lanceolatis, 3 ad 

8.5 cm longis, 0.7 ad 1.4 cm latis, utrinque attenuatis, subco- 
riaceis, tenuiter acuminatis, basi cuneatis, nervis latcralibus 
utrinque 6 vel 7, tenuibus; inflorescentiis pyramidato-paniculatis, 
6 ad 9 cm longis, 5 ad 7.5 cm latis, dense pubescentibus, multi- 
floris; floribus albidis, numerosis; calycibus 1.5 ad 2 mm longis, 
glabris, crenatis; corolla tubo 2 ad 2.5 mm longo, lobis tubo 
subaequantibus, oblongis, acutis. 

A shrub about 3 m high, glabrous except the branchlets and 
inflorescences, the branches slender, terete, glabrous, pale, len- 
ticellate, 1.5 to 3 mm in diameter, the branchlets shortly pubes¬ 
cent; leaves lanceolate, 3 to 8.5 cm long, 0.7 to 1.4 cm wide, 
subequally narrowed at both ends, subcoriaceous, the apex 
slenderly acuminate, base cuneate; lateral nerves 6 or 7 on 
each side of the midrib, slender; petioles glabrous 3 to 5 mm 
long. Panicles pyramidal, many-flowered, 6 to 9 cm long, 5 to 

7.5 cm wide, densely pubescent ; bracts linear, acute, pubescent, 
the lower ones foliaceous, 5.5 to 11 mm long, 0.75 to 1.5 mm 
wide; flowers 4-merous, numerous; bracteoles ciliate on the 
margin, 1 to 2 mm long; pedicels glabrous, or pubescent at the 
base, 1.5 to 3 mm long; calyx 1.5 to 2 mm long, glabrous, the 
rounded lobes short; corolla 4.5 to 5 mm long, glabrous, the 
lobes about as long as the tube, oblong, acute; anthers oblong, 
about 2 mm long; the filaments longer than the corolla lobes. 

Luzon, Isabela Province, San Mariano, Bur. Sci. 4715'* Ramos 
and Edaho , March 16, 1926; Mount Moises, Clemens 167X2, 
April 16 to 23, 1926, along forested streams, altitude about 400 
meters. 

A species apparently allied to Li (just rum massalongianvm. 
Visiani, of the Khasia Hills, Assam, India. It differs in its 
pubescent bracts and ciliate bracteoles, and its flowers having 
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relatively longer pedicels and filaments. For a recent mono¬ 
graph of Ligustrum, see Mansfeld. 4 

Genus LINOCIERA Swartz 

LINOCIERA CLEMENTIS sp. nov. 

Frutex crectus, glaber, ramis 3 ad 5 mm diametro; foliis 
oblanceolatis, 10 ad 16 cm longis, 1.5 ad 3.3 cm latis, char- 
taceis ad subcoriaceis, apice acute acuminatis, basi cuneatis, 
nitidis, subtus perspicuc punctulatis, nervis lateralibus tenuibus, 
subperspicuis; inflorescentiis terminalibus, 7 ad 7.5 cm longis, 
cymoso-paniculatis; floribus 3 ad 4 mm longis; petalis liberis, 
3.5 ad 3.75 mm longis. 

An erect, glabrous shrub, the branches 3 to 5 mm in diameter. 
Leaves oblanceolate, shining, prominently punctulate beneath, 
apex acutely acuminate, narrowed to the cuneate base, 10 to 
16 cm long, 1.5 to 3.3 cm wide, chartaceous to subcoriaceous, 
the midrib reddish when dry; lateral nerves slender, somewhat 
prominent on both surfaces, about 10 on each side of the midrib; 
petioles very short. Inflorescence terminal, cymose-paniculate, 
7 to 7.5 cm long, 1.5 to 5 cm wide, glabrous; bracts glabrous, 
oblong-oblanceolate, 6 to 11.5 mm long, 2 to 4 mm wide. 
Flowers white, reddish brown when dry, 1-merous, 3 to 4 mm 
long, the pedicels glabrous, 1 to 2 mm long; bracteoles ovate, 
0.75 to 1 mm long; calyx 1.5 to 1.75 mm long, the lobes ovate, 
acute, sparsely ciliate on the margin, about half as long as the 
calyx; petals nearly free, linear, acute, 3.5 to 3.75 mm long; 
ovary oblong-ovoid; style very short or none. 

Luzon, Isabela Province, Mount Moises, above Ambabu, Cle¬ 
mens 1 (>785 (type), l(>78J t (with galls), April 15 and 16, 1926. 
Type in the herbarium of the University of California. 

A very characteristic species recognized by its oblanceolate, 
punctulate leaves. 

I.INOCIEKA SCANDENS up. nov. 

Frutex seandens, glaber, ramis terctibus, lacvis, 3 ad 4 mm 
diametro; foliis ovatis, 4.5 ad 7.5 cm longis, 2 ad 4.3 cm latis, 
coriaceis, nitidis, minute nigro-puneticulatis, nervis lateralibus 
obscuris vel obsoletis, acute ad subobtuse acuminatis, basi acutis; 
petiolo glabro, 10 ad 13 mm longo. Inllorcscentiis terminalibus 
lateralibusque, laxis, 3- vel 4-pinnatim-paniculatis, 8.5 ad 13 cm 
longis, ramis paucis patulis, inl’erioribus 4 ad 5 cm longis, flo¬ 
ribus 4-meris, 2 ad 3 mm longis, pedicellis glabris, 2 ad 3 mm 


‘Engl. Bot. .Jahrb. 59 (1924) Bcibl. 132: 19. 
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longis; corroila 2 ad 2.25 mm longa, lobis ad 1.25 mm longis, 
oblongis, subacutis. 

A glabrous woody vine, the branches glabrous, terete, smooth, 
reddish brown, 2 to 4 mm in diameter, internodes elongated. 
Leaves ovate, 1.5 to 7.5 cm long, 2 to 4.3 cm wide, coriaceous, 
glabrous and shining on both surfaces, with numerous minute 
black dots on both surfaces, pale when dry; lateral nerves 
obscure or obsolete, apex acutely to subobtusely acuminate, base 
acute; petioles 10 to 13 mm long. Inflorescence terminal and 
lateral, 3- or 4-pinnate-paniculate, 8.5 to 13 cm long, the few 
branches spreading at right angles, the lower ones 4 to 5 cm 
long, minutely puberulent; bracts lanceolate, acute, minutely pu- 
berulent, 1.5 to 3 mm long, the lower ones up to 1) mm long. 
Flowers green, dark brown when dry, 4-merous, 2 to 3 mm long, 
the pedicels glabrous, 2 to 3 mm long; bracteoles ovate-lanceo¬ 
late, acute, minutely puberulent, about 1 mm in length; calyx 
about 1 mm long, the lobes half as long as the tube, triangular- 
ovate, acute, glabrous; corolla 2 to 2.25 mm long, the lobes 1 
to 1.25 mm long, oblong, subacute, somewhat fleshy; anthers 
subsessile, 1.5 to 1.75 mm long, erect, oblong, bilobed at the 
apex, connective very broad. 

Luzon, Nueva Vizcaya Province, Mount Alzapan, liar. Sci. 
- f 4- r >7ff() Ramos and Kdario, May 21, 1925, rare on forested slopes, 
altitude about 1,700 meters. 

A species radically different from any of the other Philippine 
members of the genus. It is manifestly allied to the Bornean 
Linoclara macrobolrys Merrill, differing in its scandent habit 
and its prominently acuminate leaves and longer petioles. 

LOGANIACE^] 

(Onus GENIOSTOMA Forster 

CKNIOSTOMA FASCU lU.ATA tip. nov. 

Frutex cireiter 2 m altus, inftorescentiis exceptis glaber; foliis 
chartaceis ad subcoriaceis, oblong-ellipticis ad lanceolatis, niti¬ 
dis, in siccitafe nigris, 10 ad 15.5 cm longis, 2 ad 4 cm latis, 
apice acute acuminatis, basi acutis, nervis lateralibus utrinque 
f> ad 8, tenuibus, reticulis obsoletis; floribus fasciculato-cvmosis, 
pedicellatis, pubeseentibus; corollae tubo cireiter 3 mm longo, 
3 mm diametro, lobis reflexis, oblongo-ovatis, subacutis, extus 
minute hirtellis, iiitus minute glandulosis, 2 ad 2.25 mm longis. 
Fructibus ellipsoideis vel ovoideo-ellipticis, cireiter 7 mm longis, 
apiculatis. 
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A shrub about 2 m high, glabrous throughout except the in¬ 
florescences, the branches terete, straw-colored, the young 
branchlets, leaves, petioles, and inflorescences black when dry. 
Leaves chartaceous to subcoriaeeous, oblong-elliptic to lanceo¬ 
late, shining, apex acutely acuminate, base acute, 10 to 15.5 cm 
long, 2 to 4 cm wide; lateral nerves 6 to 8 on each side of the 
midrib, slender, the reticulations obsolete; petioles 1.5 to 2 cm 
long. Flowers in short axillary, fascicled cymes, up to 15 in 
each axil, about 8 mm long, their pedicels 8 to 4 mm long, slender; 
minutely hirtcllous bracteolate, bract coles ovate, up to 2 mm 
long; sepals ovate, acute, minutely hirtellous externally and on 
the margins, 1.75 to 2 mm long; corolla tube glabrous outside, 
minutely glandular within, about X mm long, the lobes reflexed, 
oblong-ovate, subacute, minutely hirtcllous outside, minutely 
glandular inside, 2 to 2.25 mm long. Fruits black, about 7 mm 
long, 4 mm in diameter, ellipsoid to ovoid-ellipsoid, apiculate, the 
apiculum up to 1 mm in length, the pedicels about 5 mm long. 

Luzon, Nueva Vizcaya, Mount Alzapan, tlvr Sci. b5ti2U Ramos 
and Kdaho , May 2X, 1925, on forested slopes, altitude about 1,000 
meters: Isabela Province, Mount Moises, Clemens UWtU % April, 
1026, flowers greenish white. 

In general this species resembles Gcniostoma pachuphijllum 
Merrill, which is known from fruiting specimen only, differing 
in its larger leaves and longer petioles. This species is well 
characterized further by its short, pubescent, few-flowered fas¬ 
cicled cymes, which are crowded in the axils, and by its apiculate 
fruits. 

APOCYNACE/E 

Conus KOI\SfA Hlumo 

KOPSIA TRl AN Oil I.ARIS sp. n»v. 

Frutex circiter I? m alius, bracteis calycibusque except is gla- 
ber; foliis chartaccis ad subeoriaceis, oblongo-lanceolatis ad ob- 
longo-ellipticis, 9.5 ad 15 cm longis, 2 ad 4.5 cm latis, nitidis, 
obtuse aeuminatis, basi cuneatis, nervis utrimjue 14 ad 10, cum 
rel ieulis utrinquo distinetis; inflorcscentiis terminalibus, brevi- 
bus, peduneulatis, diehotonu; ramosis, paucifloris, peduneulo cir- 
eiter 1.5 cm longo; braetois late ovatis, acutis, minute ciliatis; 
ealyeis lobis oblongis ad oblongo-ovatis, 9.5 ad 4 mm longis; 
corollae tubo circiter 2.5 cm longo, apice leviter incrassato, intus 
pubescentibus, lobis oblongo-obovatis, 1.75 ad 2 cm longis, 1 
ad 1.2 cm latis, rotundatis. Fructibus compressis, triangularis, 
striatis, circiter 2.4 cm longis, 1.4 cm latis, rostrato-acuminatis. 
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A shrub about 3 m high, glabrous throughout except the 
bracts and calyces. Branches pale, somewhat rugose when dry, 
about 5 mm in diameter, the ultimate branchlets terete, about 
1 mm thick. Leaves chartaceous to subcoriaceous, oblong-lan¬ 
ceolate to oblong-elliptic, 9.5 to 15 cm long, 2 to 4.5 cm wide, 
grayish olivaceous, shining, narrowed above to obscurely acu¬ 
minate apex, with a gland at the extreme tip, the base narrowed, 
cuncato; lateral nerves 14 to 16 on each side of the midrib, 
slender, ascending, anastomosing with the marginal nerves, dis¬ 
tinct on both surfaces, the reticulations very slender, somewhat 
distinct on both surfaces; petioles very short or almost none, or 
in the larger leaves up to 6 mm in length. Inflorescence termi¬ 
nal, few-flowered, pedunclcd, the peduncles about 1.5 cm long, 
dichotomously branched at their apices. Flowers white, spicate- 
ly arranged on the short branches, serially falling. Bracts small, 
broadly ovate, acute, 2.25 to 2.5 mm long, 2 to 2.25 mm wide, 
imbricate near the apices of the branchlets, somewhat scattered 
below, somewhat keeled, the margins minutely ciliate. Calyx 
lobes oblong to oblong-ovate, with a gland on the beak near the 
top, the margins minutely ciliate, 3.5 to 4 mm long, 2.5 to 3 
mm wide. Corolla tube cylindric, glabrous outside, somewhat 
villose inside, about 2.5 cm long, slightly inflated at the top, 
the lobes spreading oblong-obovate, rounded, 1.75 to 2 cm long, 
1 to 1.2 cm wide. Anthers lanceolate, apiculate, the bases 
rounded, about 2.25 mm long, the filaments very short. Disk 
glands subulate, about 1.25 mm long. Carpels glabrous. Fruit 
compressed, somewhat striate, triangular, about 2.4 cm long, 
1.4 cm wide, the dorsal margin straight, the apex rostrate-acu¬ 
minate, base cuneate. 

Mindanao, Surigao Province, C. A. Wenzel 2648 (type in the 
herbarium of the University of California), May 17, 1927, along 
the shore of Lake Manuel, near Surigao, altitude about 150 
meters. 

A species apparently allied to Kopsia turanensis King and 
Gamble, differing essentially in its terminal, peduncle inflores¬ 
cences and larger flowers. 


Genus VOACANGA Thouars 

VOACAN<;A DOLICHOCALYX sp. nnv. 

Frutex circiter 3 m altus, glaber; foliis anguste oblongis ad 
anguste oblongo-oblanceolatis, breviter acuminatis, acutis ad 
obtusis, basi angustatis, acutis, 10.5 ad 17 cm longis, 3 ad 5 
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cm latis, nervis utrinquc 8 ad 10; petiolo 1.5 ad 2.8 cm longo, 
basi subvaginato; inflorescentiis terminalibus axillaribusque, 
longe podunculatis, dichotomis, paucifloris; calycis tubo 3 ad 3.6 
cm longo, breviter 5-lobato; corolla alba, tubo 3 ad 3.8 cm longo, 
lobis elliptico-ovatis vel late elliptico-ovatis, 3 ad 3.5 cm longis, 
1.6 ad 2 cm latis. 

A glabrous shrub about 3 m high; the branchlets somewhat 
angular when dry, smooth; leaves narrowly oblong to narrowly 
oblong-oblaneeolatc, 10.5 to 17 cm long, 3 to 5 cm wide, charta- 
ceous, apex shortly and rather abruptly acuminate, the tip acute 
to obtuse, base narrowed, acute; lateral nerves 8 to 10 on each 
side of the midrib, distant, slender, distinct, the reticulations 
obscure to obsolete; petioles 1.5 to 2.3 cm long; the base some¬ 
what sheating; inflorescence paniculate, terminal and axillary, 
dichotomously branched; the peduncles 4.2 to 6.5 cm long, the 
flowers fairly large, white, not crowded at the ends of the 
branches; calyx 3 to 3.6 cm long, cylindrie, the lobes 5, subim¬ 
bricate, ovate, apex obtuse to rounded, 2 to 3 mm long, glands 
at the base of the tube within not numerous; corolla tube 3 to 3.8 
cm long, the lobes spreading, elliptic-ovate to broadly elliptic- 
ovate, obtuse to rounded, 3 to 3.5 cm long, 1.6 to 2 cm wide; 
anthers narrowly lanceolate, acuminate, 5.5 to 5.75 mm long. 

Luzon, Tayabas Province, Casiguran, Bur. Sci. hbZGh Ramos 
and Kdaho , May 5, 1925, in secondary forest, at low altitudes: 
Ilocos Norte Province, Bangui, Bur. Sci. £3584 McGregor , 1923. 

A species closely allied to Voacanga globosa (Blanco) Merrill, 
but with much longer calyx tube and somewhat larger flowers. 

VOACANOA LATIFOLIA *p. nov. 

Frutex circitcr 2 m altus, glaber; rarnis tcrotibus junioribus 
plus minusve sulcatis, laevis, 6 ad 7 mm diametro; foliis oblongo- 
ellipticis ad oblongo-obovatis, abruptc breviter acute acumina- 
tis, basi acutis, 23 ad 30 cm longis, 9.5 ad 12.5 cm latis, nitidis, 
subcoriaceis, nervis utrinquc 10 ad 12, curvatis, subtus perspi- 
cuis; petiolo 2 ad 2.3 cm longo, basi vaginato; inflorescentiis 
longe pedunculatis, dichotomis, paucifloris; calycis tubo cylin- 
drico, 4 ad 5.5 cm longo, baud profunde 5-lobato, intus ad basi 
multiglanduloso; corolla alba, tubo 4.5 ad 6 cm longo, lobis late 
rotundato-ovatis, usque ad 4 cm longis. 

A glabrous shrub about 2 m high; the branches terete, the 
younger ones when dry more or less sulcate, smooth, 6 to 7 
mm thick. Leaves oblong-elliptic to oblong-obovate, 23 to 30 cm 
long, 9.5 to 12.5 cm wide, subcoriaeeous, shortly and abruptly 
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acute-acuminate, base acute, shining on both surfaces; nerves 
10 to 12 on each side of the midrib, curved, prominent, the 
reticulations obscure; petioles 2 to 2.2 cm long, the base inflated. 
Inflorescence terminal and axillary, dichotomously branched; 
the peduncles 7 to 9.5 cm long; flowers few, large, white, 
near the ends of the branches; calyx eylindric, 4 to 5.5 cm 
long, lobes 5, oblong to narrowly oblong, 4 to 6.5 mm long, 
the glands at the base of the tube within very numerous; corolla 
tube 1.5 to 6 cm long, eylindric, somewhat inflated above, the 
lobes spreading, orbicular to obovate, obtuse to rounded, up to 

4 cm in diameter; anthers narrowly lanceolate, acuminate, 9 
to 10 mm long. 

Luzon, Isabela Province, San Mariano, Bur Sci. J f 7070 Ra¬ 
mos and Edaru >, February 15, 1926, in damp forest, at low al¬ 
titudes. 

This species resembles Voacanga me (pi carpet Merrill in vege¬ 
tative characters, but differs in its much longer calyx tube, which 
is not split nearly to the base, and in its longer anthers. 

Conus WI ULUGH BE IA Roxburgh 

WILI.IJOHBEIA ELMPTIFOUA sp. nnv. 

Frufex scandens, glaber; foliis subcoriaecis, ellipticis, pers- 
picuc acute acuminatis, basi late acutis, 10 ad 17.5 cm longis, 

5 ad 10 cm latis, nervis utrinque 12 vel 14; inflorescentiis de- 
pauperato-paniculatis, axillaribus et subterminalibus, pauci- 
floris, 4 ad 5 cm longis, floribus glabris, circiter 8 mm longis. 

A scandent shrub without tendrils, glabrous throughout, 3 to 
5 m high. Branches slender, terete, pale brown, lenticellate, 
about 5 mm in diameter, the branchlets slender, terete, reddish 
brown, smooth. Leaves elliptic, 10 to 17.5 cm long, 5 to 10 cm 
wide, rather abruptly and acutely acuminate, the acumen 1 cm 
long or less, the base broadly acute, subcoriaceous, pale oliva¬ 
ceous-green to light brown above, paler beneath when dry; 
lateral nerves 13 or 14 on each side of the midrib, slender, 
spreading, distinct on both surfaces, the reticulations lax, ob¬ 
scure to obsolete; petioles about 10 mm in length. Inflorescences 
axillary and subterminal, depauperate-paniculate, few-flowered, 
4 to 5 cm long including the peduncles, the peduncles not more 
than 2 cm long; the bracts small, ovate, subacute or obtuse, 
the margins minutely ciliatc, about 1.5 mm long, the bracteoles 
similar but smaller. Flowers white and yellow, about 8 mm 
long, their pedicels about 2 mm long. Calyx about 2 mm in 
diameter, the tube very short, the lobes broadly ovate, some- 
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what rounded, the margins minutely ciliate, 1.25 to 1.5 mm long, 
about 1 mm wide. Corolla tube cylindrie, slender, 6 to 7 mm 
long, slightly inflated in the middle, glabrous outside, slightly 
pubescent within, the mouth with fleshy, narrowly oblong, about 
1-mm long glands or appendages, the lobes overlapping to the 
left, twisted to the right, oblong, spreading, about 4 mm long, 
2 to 2.5 mm wide. Anthers inserted in the middle of the tube, 
included, ovate-lanceolate, acutely acuminate, the base rounded, 
about 1.5 mm long. Ovary 1-c elled, ovoid, glabrous, about 1.25 
mm long. Fruit unknown. 

Mindanao, Surigao Province, Placer, (\ A . Wenzel 2605 
(type in the herbarium of the University of California), 310S, 
May and August, 1927, in forests, altitude about 150 meters. 

A species in vegetative and lloral characters resembling Wil¬ 
ing hbeia pauciflora Merrill, differing in its depauperate-panicu¬ 
late, glabrous inflorescences. 

VERBEN ACE/E 

(Mentis GALLIC ARP A Linrurus 

CALLICARPA PA< HYCLADA *p, nuv. 

Frutex circiter 3 m altus; ramulis incrassatis, ramulis et sub- 
tus foliis dense tomentosis; foliis eglandulosis, chartaceis ad 
subcoriaceis, late oblongo-ellipiticis, 27 ad 39 cm longis, 14 ad 
21 cm latis. undulato-dentatis, apice acute aeuminatis, basi acutis, 
supra glabris, olivaceis, subtus pallidis, dense subplumoso-stella- 
tis, nervis utrinque circiter 10, v'dde perspicuis; cymis axillari- 
bus, multifloris, dichotomis, densissime plumoso-stellatis, pcdun- 
culatis, 0 ad 8 cm longis, 5 ad 10 cm latis; fioribus confertis, 
breviter pediccllatis; calycibus brevifer 4-lobatis, circiter 1.75 
mm longis; corolla l-lobafa, 3 ad 3.5 mm longa, 2.5 to 3 mm 
diamctro, lobis 1.25 ad 1.5 mm longis, oblongo-ovatis, obtusis; 
staminibus 1, exertis antheris oblongis, 1.25 ad 1.4 mm longis; 
fructibus globosis, glabris, 2 ad 2.5 mm diametro. 

A shrub about 3 m high; the thickened branchlets and the 
lower surface of the leaves densely fulvo-tomentose with rather 
soft, plumose and stellate hairs; branches terete or somewhat 
compressed at the nodes, pale grayish. Leaves chartaceous to 
subcoriaceous, broadly oblong-elliptic, 27 to 39 cm long, 14 to 
21 cm wide, undulate-dentate, apex acutely acuminate, base 
acute, the upper surface olivaceous, glabrous, smooth, shining, 
the lower surface pale, somewhat yellowish, not at all glandular, 
very densely stellate-plumose-pubescent; lateral nerves about 
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10 on each side of the midrib, very prominent, the reticulations 
distinct; petioles densely tomentose, somewhat angled, 4 to 6 cm 
long. Cymes axillary, many-flowered, dichotomus, very densely 
tomentose, pedunculate, 6 to 8 cm long, 5 to 10 cm wide. 
Flowers crowded, their pedicels 0.5 to 1 mm long; calyx mem¬ 
branaceous, cup-shaped, shortly 4-lobed, tomentose, about 1.75 
mm long; corolla 4-lobed, 3 to 3.5 mm long, 2.5 to 3 mm in 
diameter, the lobes 1.25 to 1.5 mm long, about 1 mm wide, 
oblong-ovate, obtuse. Stamens 4, exerted, the filaments 4 to 

4.5 mm long; anthers oblong, 1.25 to 1.4 mm long. Fruit glo¬ 
bose, glabrous, 2 to 2.5 mm in diameter, surrounded at the base 
by the densely fulvo-tomentose calyx; bracts densely fulvo-to- 
mentose, linear, up to 15 mm long, the bracteoles much shorter. 

Luzon, Nueva Vizcaya Province, Mount Alzapan, Bur. Sci . 

Ramos and Edano, May 24, 1925, on forested slopes, alti¬ 
tude about 1,600 meters. 

A species most closely allied to Calliearpa magnifolia Merrill, 
but with broadly oblong-elliptic, somewhat larger leaves, the 
margins undulate-dentate and the base acute. 

CALMCARPA PLUMOSA up. nov. 

Frutox circiter 2 m altus; indumento ad inflorescentiis et ra- 
mulis et subtus foliis ad costa nervisque stcllato-plumoso, ramu- 
lis angulatis; foliis eglandulosis, subcoriaceis, lanceolatis, 21 
ad 34 cm longis, G ad 10 cm latis, integris, sursum angustatis, 
perspicue subfalcato-acuminatis, basi acutis, supra glabris, niti¬ 
dis, viridibus, subtus densissime pallide stellatis, nervis utrinque 
9 vel 10, valde porspicuis, curvatis; cymis axillaribus, multifloris, 
dichotomis, densissime plumoso-stellatis, pedunculatis, 3.5 ad 5.5 
cm longis; floribus breviter pedicellatis; calycibus membranaceis, 
dense plumoso-stellatis, breviter 4-lobatis, 1.5 ad 1.75 mm longis, 

1.5 ad 1.75 mm diametro; corolla 3.5 ad 3.75 mm longa, lobis 
0.75 mm longis, oblongo-ovatis, subacutis; staminibus 4, exertis, 

5.5 ad 6 mm longis; antheris oblongis, circiter 1.25 mm longis; 
fructibus globosis, glabris, circiter 2.5 mm diametro. 

A shrub about 2 m high; the branchlets and the lower surface 
of the leaves densely stellate-tomentose with rather soft, plumose 
and stellate hairs; branches terete or somewhat compressed at 
the nodes, pale grayish, the plumose indumentum castaneous. 
Leaves subcoriaceous, lanceolate, 21 to 34 cm long, 6 to 10 cm 
wide, entire, narrowed upward to the more or less falcate apex, 
acutely acuminate, base acute, the upper surface green, smooth, 
glabrous, the lower surface densely pale stellate-pubescent, not 
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at all glandular, the indumentum on the midrib and nerves 
plumose, more or less castaneous; lateral nerves distant, 9 or 
10 on each side of the midrib, very prominent, curved, the reti¬ 
culations distinct; petioles densely tomentosc, 2 to 3 cm long. 
Cymes axillary, many-flowered, dichotomous, very densely cas- 
taneous-plumose-tomentose, pedunculate, 3.5 to 5.5 cm long; 
tlowers somewhat crowded, their pedicels 0.5 to 1 mm long; 
calyx menbranaceous, cup-shaped, shortly 4-lobed, densely 
stellate-plumose, 1.5 to 1.75 mm long and 1.5 to 1.75 cm in 
diameter; corolla membranaceous, 4-lobed, 3.5 to 3.75 mm long, 
the lobes 0.75 mm long, about 1 mm wide, oblong-ovate, sub¬ 
acute; stamens 4, exerted, 5.5 to 6 mm long; anthers oblong, 
about 1.25 mm long; the filaments very slender; style very 
slender, about 6 mm long. P'ruit globose, glabrous, about 2.5 
mm in diameter, surrounded for about two-thirds of its length 
by the calyx. 

Luzon, Isabela Province, San Mariano, Bnr. Sci, 1+6928 Ra¬ 
mos and Edano , March 15, 1926, along forested streams, altitude 
about 400 meters. 

A species characterized by its lanceolate, entire leaves, which 
are green and glabrous above and densely pale stellate-pubes¬ 
cent beneath, the indumentum on its branchlets, and inflores¬ 
cences being plumose and castaneous. 

Genus CLERODENDRON Linnaeus 

CLERODENDRON PIIBIFOLIUM sp. nov. 

Frutex erectus, pubescente; foliis oblongo-ellipticis ad oblon- 
go-ovatis, chartaceis, usque ad 17 cm longis, 8.8 cm latis, apice 
breviter acute acuminatis, basi late acutis, margine integris, 
supra sparse, subtus dense pilosis, nervis utrinque 5 ad 7, 
distinctis, distantibus; inflorescentiis terminalibus, umbellato- 
paniculatis, pedunculatis, densis, multifloris, dense pilosis, 9 
ad 14 cm latis; calycibus cupuliformis, 4 ad 4.5 mm longis, 
2.5 ad 3.5 mm diamotro, dense pubescentibus, truncatis vel 
minute 5-denticulatis, basi acutis; corollac tubo tenui, cylin- 
drico, minute puberulo, 15 ad 19 mm longo, lobis minute pube- 
rulis, obovatis, subrotundatis, 3 ad 4 mm longis, 2 ad 2.5 mm 
latis; filamentis usque ad 20 mm longis; fructibus ovoideis, gla- 
bris, rotundatis vsl truncatis, usque ad 1.5 cm longis, 1 cm 
diametro. 

An erect pubescent shrub. Branches terete, the ultimate 
branchlets somewhat angled. Leaves chartaceous, oblong-ellip¬ 
tic to oblong-ovate, olivaceous-brown, shining and sparsely pilose 
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above, brown and densely pilose beneath, 7 to 17 cm long, 3.5 
to 8.8 cm wide, apex shortly and acutely acuminate, the base 
cuneate, the margins entire; lateral nerves 5 to 7 on each side 
of the midrib, prominent, distant, curved, the reticulations lax; 
petioles densely pilose, 1.5 to 3.2 cm long. Inflorescence ter¬ 
minal, many-flowered, 9 to 14 cm long, umbellate-paniculate, 
densely pubescent with short hairs; bracteoles acicular, 2 to 4 
mm long; peduncles 2.5 to 4.5 cm long. Calyx cup-shaped or 
funnel-shaped, 4 to 4.5 mm long, 2.5 to 3.5 mm in diameter, 
truncate or minutely 5-toothed, narrowed to the acute base, 
densely pubescent. Corolla tube slender, cylindric, minutely 
puberulent outside, 15 to 19 mm long, the lobes minutely pu- 
berulent outside, obovate to suborbicular, 3 to 4 mm long, 2 to 
2.5 mm wide. Filaments long-exerted, filiform, up to 20 mm 
long. Ovary glabrous. Fruits ovoid, rounded or truncate, red 
when fresh, black when dry, 1.2 to 1.5 cm long, 0.8 to 1 cm in 
diameter, the persistent calyx somewhat enlarged, 7 to 9 mm 
long. 

Mindanao, Davao Province, Mount Mayo, Bur. Sci. 49416 
Ramos and Edafio, April 21, 1927, along streams in secondary 
forests, altitude about 700 meters. 

A species belonging in the group with Clerodendron sahe- 
ktnr/ii Koorders and C. elliptifolium Merrill, flittering conspi¬ 
cuously by its pubescent leaves and ovoid fruits. 

SCROPIIULARIACE/E 

(Jenus TORENIA Linnaus 
TORENIA CORDIFOLIA Roxburgh. 

Torenia cordi folia Roxburgh, PI. Corom. 2 <1798) 52, pi. 161; FI. lrul. 

3 (1832) 95; Hooker in Curtis Bot Map:. 66 (1840) pi. 3715; 

Hooker f., FI. Brit. Ind. 4 (1885) 276. 

Luzon, Tayabas Province, Mount Alzapan, Bur. Sri. 45676 
Ramos and Kdano , June 6, 1925, in damp open places, altitude 
about 1,000 meters. India, Java, China. 

A species not previously reported from the Philippines. A 
specimen was sent to Dr. W. A. Hill at Kew for comparison, 
and he reports: 

We haw examined the specimen of Torenia that you sent us from the 
Philippines and have not been able to match it precisely with my Chi' 
nese species, or with any material from Siam or Malaya in our Her¬ 
barium. It approaches T. cordi folia Roxb., but 1 hesitate to identify it 
with this species from a single specimen. 
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We have examined all the specimens of this collection, and al¬ 
though we have found slight differences between them and the 
description and the figure of Torcnia cordifolia still we hesitate 
to separate it from Roxburgh’s species. 

ACANTHACE^E 

Genus IIALLIERACANTHA Stapf 
HALLIKHACANTHA KAMOSII sp. nov. 

Hcrba erecta, ramosa, circiter 1 m alia, partibus junioribus 
levitcr pubescentibus; foliis in paribus subacqualibus, ovato- 
lanceolatis, acuminatis, basi acutis, utrinque glabris, 7.5 ad 13 
cm longis, 2.5 ad 4.5 cm latis, nervis utrinque 6 ad 7, perspicuis, 
subtus cystolithis paucis instructis; petiolo usque ad 1.3 cm 
longo; cymis brevissime pedunculatis, paucifloris; bracteis 
obovato-lanceolatis, 4 ad it mm longis; calycis segmentis anguste 
lanceolatis, subulatis, 7 ad 9.2 mm longis; corolla alba, extus 
glabra, tubo ampliato, 5 ad 5.5 mm longo, segmentis subaequi- 
longis, superioribus 2-lobatis, inferioribus 3-lobatis; staminibus 
2, aequalibus, antheris ellipsoideis, circiter 1 mm longis, fila- 
mentis circiter 4 mm longis, tenuibus; capsulis oblanceolatis, 
glabris, attenuatis, usque ad 9 mm longis. 

An erect branched herb about 1 m high, the younger parts 
sparingly pubescent with short hairs; the branches minutely 
canaliculate, glabrous or nearly so, usually dark green when 
dry, the branchlets very slightly pubescent, angular. Leaves 
of each pair equal or near the tips of the branchlets more or 
less unequal, ovate-lanceolate, slenderly acuminate, base acute, 
membranaceous, dark green above, somewhat paler beneath, 
shining, 7.5 to 13 cm long, 2.5 to 4.5 cm wide, glabrous on both 
surfaces, with scattered cystoliths on the lower surface only, 
the margins entire or very obscurely undulate; lateral nerves 
6 or 7 on each side of the midrib, prominent; petioles slender, 
obscurely pubescent, 1 to 13 mm long. Cymes axillary, very 
shortly peduncled, few-flowered, the peduncles obscurely pu¬ 
bescent, up to 3 mm in length. Bracts obovate-lanceolate, acute 
to obtuse, slightly pubescent, 4 to 6 mm long. Flowers sessile 
or subsessile, the pedicels at most 1 mm long. Calyx segments 
5, narrowly lanceolate, subulate, 7 to 9.2 mm long, 0.75 to 1 
mm wide, obscurely pubescent. Corolla white, glabrous out¬ 
side, ciliate at the throat inside, 10 to 10.5 mm long, the tube 
5 to 5.5 mm long, cylindrie and narrowed at the base, then 
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somewhat inflated, the larger and lower lip 4.5 mm long, about 
3.5 mm wide, 3-lobulate, the lobules 1.5 to 2 mm long, oblong- 
ovate, the central one larger, the upper lip erect, 2-lobulate, 
the lobules oblong-ovate, 0.5 to 0.75 mm long. Stamens 2, of 
the same length; the anthers equal, ellipsoid, about 1 mm long, 
one cell attached slightly above the other; filaments glabrous 
except the ciliate base, somewhat flattened, about 4 mm long. 
Pollen oblong-elliptic. Capsules oblanccolate, attenuate, gla¬ 
brous, 7 to 9 mm long, 2 to 2.5 mm in diameter, the pedicels 
in fruit up to 1.5 mm long, and the persistent calyx segments 
up to 11 mm long. 

Mindoro, Pinaligpigan, near Puerto Galera, Bur. Sri. 66352 
Ramos, December 9, 1925, on forested slopes, altitude about 
1,000 meters. 

A species in the general alliance with Hallieracantha. brevi- 
petiolata Merrill, from which it is distinguished, among other 
characters, by the shape of its leaves and bracts, as well as by 
its very short peduncles and smaller capsules. 

RUBIACEyE 

Genus CANTHIUM Lamarck 

CANTH1UM OBLONGIKOMUM »p. nov. 

Frutex erectus, inerme, glaber, circiter 4 m altus; ramis ramu- 
lisquc teretibus, laevis; foliis oblongo-ellipticis, chartaceis, te- 
nuiter acuminatis, 10 ad 15 cm longis, 4.5 ad 7 cm latis, nervis 
utrinque 5 vel 6, perspicuis, evanescentibus, reticulis laxissimis 
vel obsoletis; fructibus axillaribus, tenuiter pedicellatis, soli- 
tariis, oblongo-obovoideis, 1.5 ad 2 cm longis, in siccitate leviter 
longitudinaliter sulcatis, pedicellis filiformibus, 1 ad 1.5 cm 
longis. 

A glabrous, erect, unarmed shrub about 4 m high, the branches 
and branchlets terete, slender, smooth, pale brown. Leaves 
oblong-elliptic, chartaceous, 10 to 15 cm long, 4.5 to 7 cm wide, 
apex slenderly and sharply acuminate, base somewhat decurrent- 
acuminate, the upper surface smooth and shining, olivaceous- 
brown when dry, the lower surface paler; lateral nerves 5 or 
6 on each side of the midrib, prominent, distant, curved, scarcely 
or very faintly anastomosing, usually evanescent before reaching 
the margins, the reticulations very lax, often obsolete; petioles 
6 to 10 mm long; stipules triangular, slenderly acuminate, 3 
to 4 mm long. Fruits axillary, solitary, long-pedicelled, oblong- 
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obovoid, yellow when fresh, dark reddish brown when dry, apex 
rounded, narrowed toward the base, when dry 1.5 to 2 cm long, 
the pedicels slender, 1 to 1.5 cm long. 

PANAY, Capiz Province, Ilaman-ay, Bur. Sci. 46109 Ramos 
and Edaho, October 13, 1925, on forested slopes at low altitudes. 

A species apparently allied to Canthium paudnervium Merrill, 
differing in its larger, solitary, oblong-obovoid, long-pedicelled 
fruits. 

CANTHIUM TRICHOP1IORUM up. nov. 

Frutex inerme, erectus, perspicue disperse ciliatus; foliis ellip- 
ticis, chartaceis, tenuiter acuminatis, basi acutis, 8 ad 16.5 cm 
longis, 3.5 ad 7.2 cm latis, utrinque disperse ciliatis, nervis 
utrinque 5 vcl 6, perspicuis; fructibus axillaribus, pedicellatis, 
solitariis, obovoideis, disperse ciliatis, apice truncatis, basi at- 
tenuatis, 1.5 ad 2 cm longis, pedicellis villosis, tenuis, 10 ad 15 
mm longis, bibraeteatis. 

An erect, unarmed, prominently ciliate shrub, the branches 
and branchlets brownish to yellowish brown, slender, terete, 
ciliate, the branchlets about 2 nun in diameter. Leaves charta- 
ceous, elliptic, 8 to 16.5 cm long, 3.5 to 7.2 cm wide, slenderly 
and sharply acuminate, base acute, ciliate on both surfaces with 
long scattered hairs, the upper surface dark brown, shining, the 
lower surface paler; lateral nerves 5 or 6 on each side of the 
midrib, very prominent, faintly anastomosing, curved, the re¬ 
ticulations obsolete; petioles densely ciliate, 5 to 9 mm long; 
stipules ciliate, subulate, 10 to 12 mm long. Fruits axillary, 
solitary, long-pedicelled, ciliate, obovoid, 1.5 to 2 cm long, longi¬ 
tudinally silicate, apex rounded-truncate, narrowed to the sub¬ 
acute base, the pedicels slender, 10 to 15 mm long, ciliate, each 
with a pair of ciliate, narrowly ovate, 2 to 3 mm long bracts. 

Luzon, Isabela Province, San Mariano (Ambulawan), Bur. 
Sci. 46759 Ramos and Edaho (type), March 16, 1926, along for¬ 
ested streams, altitude about 400 meters; Mount Moises, Bur. 
Sci. 47286 Ramos and Edaho, March 4, 1926, along forested 
streams, altitude about 900 meters, Clemens 17003, 17003a, 
April, 1926. 

A characteristic species, distinguished by its ciliate, terete 
branches and branchlets, its elliptic, ciliate, slenderly and 
sharply acuminate leaves, and its long-pedicelled, ciliate, soli¬ 
tary, obovoid, sulcate fruits. Its alliance is perhaps with 
Canthium ellipticum Merrill. 
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(jenuH HEDYOTIS Linmcus 

HEDYOTIS CARDIOPHYLLA up. not. $ Diplophrmrma. 

Frutex scandens; ramulis glabris, teretibus, leavis circitcr 3 
mm diamctro, junioribus obscure angulatis; foliis chartaceis, 
glabris, fragilis, ovatis, longe tenuiter acuminatis, basi late 
rotundato-cordatis, 5 ad 8 cm longis, 2 ad 3.8 cm latis, nervis 
utrinque 4 vel 5, tenuibus vel admodum obscuris vel subobsoletis, 
hand reticulatis, breviter petiolatis; stipulis baud laciniatis, 
cuspidatis, apiculis 1 ad 2 mm longis; eymis axillaribus, 0.9 ad 
2 cm longis, paucifloris, breviter pedunculatis; calycis tubo ovo- 
ideo, 1 ad 1.5 mm longo, lobis 4 oblongo-ovatis, 1.5 ad 2 mm 
longis; corolla parva, alba, circitcr 2.75 mm longa, lobis 4, 
oblongo-ovatis, circitcr 1.75 mm longis; fructibus oblongo-obo- 
voidcis, 3 ad 3.5 mm longis. 

A slender scandent shrub, the branches greatly elongated, 
pale, glabrous, terete, smooth, about 3 mm in diameter, the 
younger parts much slenderer, slightly but sharply angled. 
Leaves chartaceous, glabrous, rather pale and brittle when dry, 
ovate, long and slenderly acuminate, base broadly rounded- 
cordate, 5 to 8 cm long, 2 to 3.8 cm wide; lateral nerves 4 or 5 
on each side of the midrib, slender, sometimes obscure or obsolete 
beneath, slightly impressed on the upper surface, anastomosing, 
reticulations obsolete; petioles glabrous, 2 to 4 mm long; stipules 
entire, minute, broader than long, ovate, cuspidate, 2 to 5 mm 
long, the apiculum 1 to 2 mm long. Cymes axillary, short, 0.9 
to 2 cm long, few-flowered, the peduncles slender, 2 to 6 mm 
long. Flowers mostly in threes, their pedicels very slender, 2 
to 7 mm long; bracts ovate-lanceolate, acute, up to 6 mm long; 
calyx tube ovoid, 1 to 1.5 mm long, the lobes 4, oblong-ovate, 

I. 5 to 2 mm long; corolla small, white, about 2.75 mm long, 
the lobes 4, oblong-ovate, about 1.75 mm long. Capsules gla¬ 
brous, crustaceous, oblong-obovoid, 3 to 3.75 mm long, the apex 
not protruding above the calyx teeth; the pedicels 3 to 5 mm 
long; persistent calyx teeth spinulose on the margin, ovate-lan¬ 
ceolate, about 2 mm long; seeds black, compressed, plano-convex, 
verruculose, about 1 mm long. 

Luzon, Nueva Vizcaya Province, Mount Alzapan, Bur. Sri. 

J, 5. r )85 Ramos and Edauo , May 22, 1925, on forested slopes, al¬ 
titude about 1,700 meters. 

A species well characterized by its elongated slender branches; 
its ovate, broadly rounded-cordate, long-acuminate, chartaceous, 



37,2 Qimumbing and Merrill: Philippine Plants 203 

obscurely nerved, glabrous leaves; and its few-flowered, short, 
axillary inflorescences. 

HEDYOTIS KDANOII ap. not. 5 Kuhcdyotia. 

SufTrutex crcctus, simplex, circitcr 1 m altus, infloresccntiis 
exceptis glaber; foliis subcoriaceis, lanceolatis, apice longe an- 
gusto acuminatis, basi acutis, 11 ad 17.5 cm longis, 1.5 ad 3.2 
cm latis, utrinque nitidis, nervis utrinque 5 vel 6, adsccnden- 
tibus, haud distinctis; stipulis pectinato-laciniatis, 1 ad 1.4 cm 
longis, segmentis 5 ad 7, subulatis, 3 ad 7 mm longis; inflores¬ 
centiis axillaribus, globosis, densis, sessilibus, 1 ad 1.8 cm dia- 
metro; floribus numerosis, confertis, sessilibus vel subsessilibus, 
6 ad 7 mm longis; bracteolis linearis ad subspatulatis, margine 
ciliato-hirsutis, 4.5 ad 0.25 mm longis; calycis tubo campanulato, 
glabro, 2 ad 3 mm longo, lobis 4, plerumque subspatulatis, 
subacutis, margine ot intus ciliato-hirsutis, 3.25 ad 4 mm longis. 

An erect unbranched shrub, about l m high, glabrous through¬ 
out except the somewhat ciliate-hirsuto inflorescences, the upper 
parts of the stem sulcate and angled. Leaves subcoriaceous, 
lanceolate, apex slenderly long-acuminate, base acute, 11 to 17.5 
cm long, 1.5 to 3.2 cm wide, dark brown when dry, the midrib 
distinct, the lateral nerves 5 or 0 on each side of the midrib, 
faint, ascending, smooth and shining on both surfaces; petioles 
0.5 to 1.8 cm long; stipules 1.2 to 1.4 cm long, glabrous, laciniate- 
pectinate, the lacirue subulate, 3 to 7 mm long, the inner ones 
longer. Inflorescence axillary, dense, globose, sessile, 1 to 1.8 
cm in diameter. Flowers numerous, sessile or subsessile, 
crowded, 0 to 7 mm long; bracteoles subtending each flower 
4.5 to 6.25 mm long, 1.75 to 2.1 mm wide, linear to subspatulate, 
subacute, the margins and inside ciliate-hirsute, outside glabrous; 
calyx tube campanulato, glabrous, 2 to 3 mm long, the lobes 
4, usually subspatulate, but sometimes linear, subacute, margins 
and inside ciliate-hirsute, 3.25 to 4 mm long. 

Luzon, Isabela Province, Mount Moises, Bur. Set. k7:V27 
Kamos and Edano, March 1, 1926, on forested slopes near the 
summit, altitude about 1,250 meters; Clemens 17006 , 17007 , 
April 16 to 23, 1926. 

The alliance of this species is manifestly with Hedifotis r'ujida 
(Rlume) Miquel, from which it is distinguished by its habit, its 
larger and laciniate-pectinate stipules, its larger inflorescences, 
and its nearly nerveless leaves. It is distinguished from 
Iledyotis simplex Merrill by its young stems being glabrous, its 
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leaves with very faint nerves, its stipule characters, and its 
larger bracteolcs. 

Genus IXORA Linnaeus 

IXORA TENELLIFLORA Merrill. 

Ixora ten el ti flora Merrill in Philip. Journ. Sci. 29 (192fi) 423. 

Palawan, Buena Vista near Puerto Princesa, For . Bur . 
3 0089 Cenabre, September 21, 1925. A tree about 5 m high 
in forests, with white odorless flowers. 

The specimen agrees perfectly with the type, Castro and 
Melegrito 1384, August 1, 1923, from Bangucy Island, British 
North Borneo. The species is new to the Philippines. 


Genus MORINDA Liiuucus 
MORINDA ELLIPTI FOLIA up. nov. 

Frutex scandens, infructescentiis cxceptis glaber, ramulis 2 
ad 3.5 mm diametro; foliis subcoriaceis, oblongo-ellipticis ad 
ellipticis, 10.5 ad 16 cm longis, 4.8 ad 8.7 cm latis, apice acute 
acuminatis, basi late acutis, nervis utrinque circiter 9, distinctis, 
distantibus; fructibus solitariis vel binis, globosis, minute pu- 
berulis, 1.5 ad 2 cm diametro, pedicellis dense minute pube- 
rulis, tenuibus, 3 ad 4 cm longis. 

A woody vine, glabrous except the infructescences, the 
branches pale brown and rugose when dry, the ultimate branch- 
lets subterete, 2 to 3.5 mm in diameter. Leaves subcoriaceous, 
oblong-elliptic to elliptic, 10.5 to 16 cm long, 4.8 to 8.7 cm wide, 
olivaceous-brown to dark brown and slightly shining when dry, 
acutely acuminate, the base broadly acute, rarely subrounded; 
lateral nerves about 9 on each side of the midrib, slender, dis¬ 
tant, distinct as are the primary reticulations; petioles black, 
10 to 20 mm long; stipules somewhat sheathing, deciduous, 
3 to 4 mm long. Fruits terminal, the heads solitary or in pairs, 
globose, minutely puberulent, 1.5 to 2 cm in diameter, green 
when fresh, black when dry, their peduncles densely minutely 
puberulent, rather slender, 3 to 1 cm long, 1 to 1.25 mm in 
diameter. 

Mindanao, Davao Province, Galintan, Bur. Sci. 48909 Ramos 
and Edano , June 4, 1927, on forested slopes, altitude about 250 
meters. 

A species belonging in the group with Morinda coriacea Mer¬ 
rill, differing by its subcoriaceous, oblong-elliptic to elliptic leaves, 
longer petioles, minutely puberulent fruits, and its longer, 
minutely puberulent peduncles. 
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Genus NEONAUCLEA Merrill 
NEONAUCLEA AURICULATA sp. nov. 

Arbor parva, distincte pubescentibus; foliis subcoriaceis, lan- 
ceolatis ad oblongo-lanceolatis, usque ad 19 cm longis, 4.5 cm 
latis, sursum angustatis, apice obtusis, basi rotundato-cordatis, 
lobis subauriculatis, ncrvis utrinque 16 ad 18, perspicuis; ca- 
pitulis terminalibus, solitariis ad tornatis, longe pedunculatis, 
subanthesin 3.5 ad 4.5 cm diametro; floribus ebracteolatis; ca- 
lycis lobis minute puberulis, circiter 4 mm longis; corollae tubo 
7 ad 9 mm longo, glabro vel subglabro. 

A tree about 6 m high, the branchlets, petioles, stipules, pe¬ 
duncles, and leaves pubescent. Branches terete, brown, gla- 
brescent. Leaves subcoriaceous, lanceolate to oblong-lanceolate, 

10.5 to 19 cm long, 2.5 to 4.5 cm wide, narrowed to the obtuse 
apex, the base rounded-cordate, the lobes subauriculate, the 
upper surface brown, shining, sparingly pubescent, the lower 
surface paler, and more densely pubescent; lateral nerves 16 
to 18 on each side of the midrib, prominent, the reticulations 
distinct; petioles 2 to 7 mm long; stipules oblong-ovate, rounded, 
about 2 cm long, 0.8 to 0.9 cm wide. Peduncles terminal, 4 
to 6 cm long, solitary, in pairs, or in threes, somewhat pubes¬ 
cent. Heads in flower 3.5 to 4.5 cm in diameter, the flowers 
ebracteolate. Calyx tube minutely and densely puberulent, 
about 1.5 mm long, the persistent free lobes about 4 mm long. 
Corolla tube narrowly funnel-shaped, glabrous or minutely pu¬ 
berulent outside, 7 to 9 mm long, pale yellow r when fresh, red¬ 
dish brown when dry, the lobes 5, oblong-ovate, obtuse, about 

1.5 mm long. Anthers about 1.25 mm long. Style exserted, up 
to 1.6 cm long. 

Mindanao, Davao Province, Mati, Bur. Sri . 49281 Ramos and 
Edano, April 27, 1927, in thickets and second-growth forests at 
low altitudes. 

A species belonging in the group with Neonauclea august if olia 
(llaviland) Merrill, and well characterized by its pubescent, 
auriculate-cordate, lanceolate to oblong-lanceolate leaves. 

Genus PSYCTIOTRIA Linnaus 

PSYCHOTRIA CARINATA up. hot. § Grumilea. 

Frutex erectus, infructeseentiis et subtus foliis ad costa ner- 
visque plus minusve castaneo-ciliatis, ramulis teretibus, laevis, 
glabris; foliis chartaceis, obovatis ad obi on go-el 1 i p ti c i s, breviter 
late acuminatis, basi acutis, 9 ad 17 cm longis, 4 ad 8 cm latis, 
supra nitidis, nervis utrinque 11 ad 13, perspicuis; infructes- 
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centiis brevibus, circiter 2 cm longis, breviter pedunculatis; 
fructibus paucis, confertis, glabris, obovoideis, sessilibus, pers- 
picue 8-carinatis, 8 ad 10 mm longis; seminibus plano-convexis, 
perspicue carinatis, albumine ruminato. 

An erect shrub, the branches and branchlets terete, smooth, 
glabrous, infructescences and leaves on the lower surface along 
the midrib and nerves more or less castaneous-ciliate. Leaves 
chartaccous, obovate, to oblong-elliptic, broadly and abruptly 
acuminate, base acute, 9 to 17 cm long, 4 to 8 cm wide, some¬ 
what reddish brown when dry, the upper surface glabrous, 
shining; lateral nerves 11 to 13 on each side of the midrib, pro¬ 
minent, slightly curved, anastomosing, the reticulations slender; 
younger petioles castaneous-ciliate, soon becoming glabrous, 1 
to 2.5 cm long; stipules glabresccnt, lanceolate, about 2 cm 
long, 4.5 to 6 mm wide. Infructescences 1.8 to 2.5 cm long, 
including the short peduncles; the fruits few, crowded, red when 
mature, black when dry, glabrous, smooth, sessile, obovoid, apex 
rounded to truncate, base somewhat narrowed, prominently 8- 
ridged, 8 to 10 mm long; seeds obtuse at both ends, with 3 
prominent ridges on the back, the albumen ruminate. 

Luzon, Tayabas Province, Casiguran, Pur. Set . J t 527S (type) 
4551 < S’ Ramos and Edaho , May and June, 1925, in damp forests 
along Kabulig and Mamatoc Rivers at low altitudes. 

A species apparently belonging in the same group with 
Psycholria t'izalcusis Merrill, well characterized by its few, ses¬ 
sile, crowded, obovoid, prominently 8-ridged fruits and the obo¬ 
vate to oblong-elliptic leaves which are abruptly and broadly 
acuminate. 

PSYCHOTRIA LONGfSSIMA up. nov. 5 Grumilen. 

Frutex erect us, inflorcseentiis minutissime puberulis exceptis 
glaber; ram is teretibus, junior ibus leviter compressis; foliis 
lanceolatis sursum angustatis, acutis ad obtusis, basi cuneatis, co- 
riaceis, 10 ad 2G cm longis, 3.5 ad 6.4 cm latis, utrinque nitidis, 
nervis utrinque 20 ad 24, valde perspicuis, areuato-anastomosan- 
tibus, reticulis distinctis; petiolo 4 ad 7 cm longo; panieulis 6 ad 
8 cm longis, c basi ramosis vel brevissime pedunculatis, minute 
puberulis; floribus 7.5 ad 9 mm longis, brevissime (1 ad 2 mm) 
pedicollatis; calycibus minute puberulis, 5 ad 5.5 mm longis; 
corollae tubo cylindrico, intus dense villoso, 3.5 ad 4 mm longo, 
lobis oblongo-ovatis, acutis, 2.75 ad 3.25 mm longis; fructibus 
breviter pedicellatis, obovoideis, 7 ad 8 mm longis, 8-carinatis; 
seminibus plano-convexis, albumine ruminato. 
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An erect shrub, glabrous throughout except the minutely pu- 
berulent inflorescences, branchlets dark brown, somewhat corn- 
pressed, 4 to 7 mm in diameter. Leaves coriaceous, lanceolate, 
narrowed upward to the acute or obtuse apex, base cuneatc, 16 
to 26 cm long, 3.5 to 6.1 cm wide, the upper surface olivaceous- 
brown, smooth and shining, the lower surface a little paler 
than the upper, somewhat shining; lateral nerves 20 to 21 on 
each side of the midrib, very prominent, prominently arched- 
anastomosing, the reticulations distinct on both surfaces; peti¬ 
oles 4 to 7 cm long. Panicles sessile or subsessile, 6 to 8 cm 
long, with one longer central branch and two shorter lateral 
basal ones, few-flowered, minutely puberulent. Flowers white, 
shortly pedicellate, 7.5 to 0 mm long, their pedicels minutely pu¬ 
berulent, 1 to 2 mm long; calyx minutely puberulent, 5 to 5.5 
mm long, 3 to 4 mm in diameter, the teeth minute; corolla tube 
cylindrie, densely villose within, 3.5 to 4 mm long, the lobes 
oblong-ovate, acute, 2.75 to 3.25 mm long. Fruits shortly pedi¬ 
cellate, brown to dark brown when dry, obovoid, apex rounded to 
truncate, base narrowed, 7 to 8 mm long, with 8 or 9 ridges or 
keels. Seeds plano-convex, albumen ruminate. 

Luzon, Tayabas Province, Mount Alzapan, Bur. Sci. 

Ramos and L'dailo, June 7, 1925, rare on forested slopes, altitude 
about 1,300 meters. 

A distinct species, strongly characterized by its very promi¬ 
nently nerved, elongated, lanceolate, coriaceous, long-pet ioled 
leaves, and the minutely puberulent inflorescences. 

Genus VILLAKIA Rolfc 

VILLARIA FASCICULI FLORA up. nov. 

Frutex oirciter 2 m altus, floribus cxceptis glaber; ram is ra- 
mulisque terefibus, laevis; foliis coriaceis, oblongo-ellipticis, 
perspicue acuminatis, basi acutis, 16 ad 23 cm longis, 5 ad 7 
cm latis, nervis utrinque 12 ad 13, perspicuis, distantibus; pet- 
iolo 0.8 ad 1 cm longo; stipulis coriaceis, glabris, oblongo-ovatis, 
obtusis, 1.5 ad 1.8 cm longis; cyrriis fasciculiformis, brevissime 
(1.5 ad 3 mm) pedunculatis, axillaribus, floribus confertis, us¬ 
que ad 11 mm longis, subsessilibus; podicollis us(iue ad 1.5 mm 
longis; calvcis tubo cupuliforme, usque 1.5 mm longo extus 
glabro, intus ciliato-piloso, lobis 5, late ovatis, rotundatis, 1.5 
ad 2 mm longis, corolla alba, usque ad 1 cm longa, tubo subey- 
lindraceo, usque ad 5 mm longo, extus glabro, intus pubescente, 
lobis 5, erectis, subrotundatis, circiter 3.5 mm longis. 
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A shrub about 2 m high, glabrous throughout except the flow¬ 
ers; the branches and branchlets terete, smooth, dark brown, 
the former 4 to 5 mm in diameter. Leaves coriaceous, oblong- 
elliptic, prominently acuminate, base acute, 16 to 23.5 cm long, 
5 to 7 cm wide, pale brown above, reddish brown beneath, some¬ 
what shining on both surfaces; lateral nerves 12 to 13 on each 
side of the midrib, distant, prominent, becoming faint toward 
the margins, much darker than the blade, anatomosing, the re¬ 
ticulations somewhat obscure; petiole rather short, 8 to 10 mm 
long; stipules coriaceous, glabrous, shining, 15 to 18 mm long, 
5 to 8 mm wide, oblong-ovate, obtuse. Cymes fasciculiform, very 
shortly (1.5 to 3 mm) peduncled, axillary. Flowers crowded, 
10 to 11 mm long, subscssile, the bracteoles 2, ovate, acute, 3 
to 3.5 mm long, glabrous outside, eiliate-pilose inside and on 
the margins. Calyx tube cup-shaped, glabrous outside, eiliate- 
pilose inside, 1 to 1.5 mm long, 3 to 4 mm in diameter; lobes 
5, broadly ovate, rounded, 1.5 to 2 mm long, 2.75 to 3 mm wide, 
glabrous outside, eiliate-pilose inside and on the margins. Co¬ 
rolla white, 8.7 to 10 mm long, the tube subcylindric, 4.7 to 5 
mm long, 4 to 4.5 mm in diameter, glabrous outside, eiliate- 
pilose inside especially at the throat; the lobes 5, erect, sub¬ 
rounded, glabrous on both surfaces, the margins ciliate, 3 to 3.5 
mm long. Anthers 5, sessile, linear, about 4 mm long. Ovary 
1-celled. Style somewhat flattened, glabrous, about 2 mm long. 
Stigma oblong, densely pilose, about 5 mm long, 2 mm in 
diameter. 

Luzon, Isabela Province, San Mariano (Debuluan), Bur. Sei. 
46775 Ramos and Edaho , March 25, 1926, along forested streams, 
altitude about 700 meters. 

A very striking species not closely allied to any of the known 
Philippine forms. It is well characterized by its fasciclelike, 
very shortly peduncled cymes, and subsessile flowers. It resem¬ 
bles Hypobathrum , but apparently does not belong to that genus. 

Genus WILLIAMSIA Merrill 
WII.I.IAMSIA PUBESCENS up. nor. 

Frutex dioicus, circiter 1 m altus, ramis teretibus, perspicue 
pubescentibus; foliis membranaceis, 8 ad 15 cm longis, 1.4 ad 
8.5 cm latis, oblongis ad oblongo-lanceolatis, tenuiter attenuato- 
acuminatis, basi acutis, utrinque ciliato-pubeseentibus, nervis 
utrinque 10 ad 12, perspicuis curvato-adcendentibus, reticulis 
subobscuris; floribus axillaribus, solitariis, sessilibus vel brevis- 
sime pedicellatis; involucris superioribus inacqualitcr profunde 
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4-lobatis, lobis minoribus subulatis, circiter 6 mm longis, 0.75 
mm latis, majoribus ovato-lanceolatis, 5 ad 6 mm longis, cir¬ 
citer 3.5 mm latis, apice bilobulatis, lobis majoribus involucris 
inferioribus anguste lanceolatis, attenuatis, circiter 5 mm longis, 
minoribus ovatis, acutis, circiter 3.5 mm longis, 2 mm latis; 
calycibus membranaceis, dense ciliato-villosis, 3 ad 3.5 mm dia- 
metro, lobis 4, anguste lanceolatis, attenuatis, usque ad 10 mm 
longis, 2 mm latis, dense ciliato-villosis; corolla coriacea, 6-lobata, 
rigida, tubo circiter 1.5 mm longo, levitcr pubescente, lobis ova¬ 
tis, acutis, circiter 1 mm longis; fructibus globosis, dense ciliatis, 
circiter 10 mm diametro, G-locellatis, breviter pedicellatis, pcdi- 
cellis usque ad 2 mm longis. 

A dioecious shrub about 1 m high, conspicuously eiliate- 
pubescent except the glabrous older branches, the branches te¬ 
rete, pale, the branchlets 1.5 to 3 mm in diameter. Leaves 
membranaceous, 8 to 15.2 cm long, 1.4 to 3.5 cm wide, oblong 
to oblong-lanceolate, slenderly attenuate-acuminate, base acute, 
densely ciliate-pubescent on both surfaces; lateral nerves 10 to 
12 on each side of the midrib, prominent on the lower surface, 
curved-ascending, the reticulations somewhat obscure; petioles 
densely pubescent, 0.5 to 1 cm long; stipules narrowly lanceolate, 
attenuate, membranaceous, densely pubescent outside, glabrous 
inside, 2 to 2.8 cm long, 2.5 to 5 mm wide. Flowers axillary, 
solitary, sessile or very shortly pedicellate; involucres densely 
ciliate-pubcscent, the upper inner one unequally and deeply 4- 
lobed, the outer lobes subulate, about 6 mm long, 0.75 mm wide, 
the inner and larger ones ovate-lanceolate, 5 to 6 mm long, about 
3.5 mm wide, the apex usually bilobulate, the lobules acute, up 
to 1.5 mm long, the outer involucre smaller and subequally 
deeply 4-lobed, the outer lobes narrowly lanceolate, attenuate, 
about 5 mm long, 1 mm wide, the inner lobes entire, acute about 
3.5 mm long, 2 mm wide. Calyx membranaceous, the tube cup¬ 
shaped, densely ciliate-villose, about 3 mm long, 3 to 3.5 mm in 
diameter; the lobes 4, long, densely ciliate-villose, narrowly lan¬ 
ceolate, attenuate, subequal, 9 to 10 mm long, 1.5 to 2 mm wide. 
Corolla thickly coriaceous, firm, the tube about 1.5 mm long, 
somewhat pubescent, the lobes 6, ovate, acute, about 1 mm long, 
densely pubescent particularly at the apex. Fruits shortly pe¬ 
dicellate, globose, densely ciliate, about 10 mm in diameter, 6- 
cellcd, crowned by the persistent calyx lobes. In fruit the per¬ 
sistent upper involucre is up to 10 mm long, and the much 
smaller, lower involucre is up to 5 mm in length. 
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Luzon, Isabela Province, Mount Moises, Bur. Sci. 47275 
Ramos and E da-no, March 3, 1920; Clemens 16852, April 16 to 23, 
1926 (description of the flowers was based on this specimen), 
Clemens 170(H) , April, 1926, on forested slopes, altitude about 
1,200 meters. 

A species well characterized by being conspicuously ciliate- 
pubeseent throughout, except the older branches, and partic¬ 
ularly by the long, persistent, subulate, calyx lobes, and the long- 
lobed involucres. 

WILUAMSIA TRIFLORA up. nov. 

Frutex circitcr 1 m altus; foliis oblongis, 11 ad 16.5 cm longis, 
2.3 ad 6 cm latis, acute aeuminatis, basi acutis, sparse ciliatis; 
petiolo 8 ad 15 mm longo; inflorescentiis breviter pedunculatis, 
3-floris, pedunculis tenuibus, 3.5 ad 5 mm longis; tioribus bre¬ 
viter pedicellatis; calycis tubo cupulato, circiter 2 mm longo, 4 
mm diametro, lobis 4, membranaceis, utrinque ciliatis, inaequa- 
libus, oblongo-ovatis vel anguste oblongo-ovatis, 6 ad 8.5 mm 
longis, 1.75 ad 4 mm latis; corolla alba, coriacea, rigida, apice 
ciliata excepta glabra, tubo usque ad 1.75 mm longo, lobis 
oblongo-ovatis, acutis, usque ad 4.5 mm longis, 2 mm latis; ova- 
rio 6- vel 7-loculare, globoso; staminibus 6 vel 7, filamentis fili- 
formibus glabris, antheris oblongis, 1 ad 1.25 mm longis. 

A shrub about 1 m high, ciliate-pubescent all over except the 
glabrous older branches, the branches terete, pale. Leaves 
oblong, acutely acuminate, base acute, 11 to 16.5 cm long, 2.3 
to 6 cm wide, sparsely ciliate on both surfaces; lateral nerves 
13 or 14 on each side of the midrib, very prominent; petioles 
8 to 15 mm long; stipules submembranaceous, lanceolate, 22 to 
28 mm long, 5 to 7 mm wide. Inflorescence shortly peduncled, 
3-flowered; the peduncles slender, 3.5 to 5 mm long; upper in¬ 
volucre unequally 4-lobed, outer lobes narrowly linear-lanceolate, 
6 to 7 mm long, about 1 mm wide, the larger and inner lobes 
oblong-ovate, subacute, 7 to 8 mm long, 3 to 3.5 mm wide, the 
basal involucre much smaller, subequally 4-lobed, the outer 
lobes subulate, 5 to 5.5 mm long, 0.5 to 0.75 mm wide, the inner 
and smaller lobes narrowly lanceolate, 3.5 to 4 mm long, 1.5 
to 2 mm wide. Flowers pedicellate, the pedicels about 3 mm 
long. Calyx tube cup-shaped, about 2 mm long, 4 mm in diame¬ 
ter, the lobes 4, membranaceous, ciliate on both surfaces, un¬ 
equal, oblong-ovate or narrowly oblong-ovate, 6 to 8.5 mm long, 
1.75 to 4 mm wide. Corolla white, thickly coriaceous, firm, gla¬ 
brous except the apex ciliate, the tube 0.5 to 1.75 mm long, the 
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lobes oblong-ovate, acute, 2.5 to 4.5 mm long, 1.5 to 2 mm wide. 
Ovary 6- or 7-celled, globose, about 1.75 mm in diameter. 
Style short, up to 0.5 mm in length. Stamens 6 or 7, the fila¬ 
ments short, filiform, glabrous, the anthers oblong, 1 to 1.25 
mm in length. 

Luzon, Tayabas Province, Casiguran, Bur. Sci. 45458 Ramos 
and Edaho , May 5, 1025, along forested streams at low altitudes. 

In making the preliminary identifications this material was 
tentatively referred to Willutmsui pubes ecus, which in superfi¬ 
cial characters the present species closely resembles. It is dis¬ 
tinguished from that species by its 3-flowered, slenderly pedi- 
celled, cymose inflorescences. The leaves are somewhat larger, 
the petioles are relatively longer, and the flowers are structurally 
different. 


CAMPANULACEiE 
Uenus I’ENTAPIIRAGMA Wallich 

RKNTAPIf RAOM A PAUCINERVK sp. nov. 

Sufl'rutcx crectus, partibus junioribus plus minusve erispato- 
pubescente; foliis oblongo-ellipticis, leviter subfalcatis, subacutis 
ad breviter obtuseque acuminatis, basi subinaequilateraliter acu- 
tis, margine crenulato-denticulatis, 17 ad 21 cm longis, 9 ad 11 
cm latis, norvis utrinquo 3 ad 4, adscendentibus, supra glabris, 
olivaceis, nitidis, subtus crispato-pubescentibus, petiolo 3.5 ad 

6.5 cm longo; inflorescentiis paucifloris, haud scorpoideis, bre¬ 
viter pedunculatis, 2.5 ad 3 cm longis; floribus 5-meris, sessilibus, 

2.5 ad 3 cm longis; corolla campanulata, lobis oblongo-ovatis, 
breviter acuminatis, 2 ad 3 mm longis. 

A suberect or erect undershrub, apparently unbranched, the 
younger parts more or less pubescent with crisped hairs, 
leaves membranaceous, 17 to 21 cm long, 0 to 11 cm wide, 
slightly curved, oblong-elliptic, subacute to very shortly and 
obtusely acuminate, base acute, equilateral or slightly inequi¬ 
lateral, margin crenulate-denticulate, olivaceous green and gla¬ 
brous above, paler and pubescent with crisped hairs beneath; 
lateral nerves prominent, 3 or 4 on each side of the midrib, 
ascending; petioles pubescent, 3.5 to 6.5 cm long. Inflores¬ 
cences nonscorpoid, sessile or shortly peduncled, 2.5 to 3 cm long, 
few-flowered. Flowers 3 to 7, white and yellow, sessile, 2.3 to 

2.5 cm long; bracts oblong-ovate to oblong, membranaceous, 
pubescent, 2.3 to 2.7 cm long. Calyx somewhat pubescent, cvlin- 
dric, 1.5 to 1.8 cm long, 3 to 4 mm in diameter, the lobes 5, 
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unequal, oblong, obtuse, membranaceous, pubescent, 8 to 11 mm 
long, 3.5 to 5.25 mm wide. Corolla campanulate, 6 to 8 mm 
long, the lobes oblong-ovate, shortly acuminate, membranaceous, 
pubescent outside, 2 to 3 mm long. 

Luzon, Nueva Vizcaya Province, Mount Alzapan, Bur. Sci. 
1,5634 Ramos ami Edaho, May 22, 1925, on forested slopes, alti¬ 
tude about 1,700 meters. 

A species manifestly allied to Pentaphragma philippinense 
Merrill, differing by its oblong-elliptic, few-nerved, shortly acu¬ 
minate leaves and sessile flowers. 



ILLUSTRATIONS 


Plate 1 

PandanuH nobilis sp. nov.; a syncarp, reduced. 

Plate 2 

Panicum ancylotrichum sp. nov.; /, habit sketch of the plant, X 0.5; 2, 
a branch with the inflorescence; 3 , part of the main stem; 4. detail 
of the base of the lamina and a portion of the sheath with the auricles, 
X 4; 5, a branch of the panicle, showing a spikelet, X 10; <?, the first 
glume, interior view, X 10; 7", the second glume, interior view, X 10; 
•S’, the third glume, interior view, X 10; 9, the flowering glume, X 10. 

Plate A 

Krwma ccnabrei sp. nov.; J, a leaf, x 0.8; 2, a flower, top view, X 2; 3, 
a flower, side view, y 2; 4. a fascicle of flowers, X 1; />, the staminal 
disk, top view, enlarged; 6‘, the staminal disk, lateral view, enlarged. 

Plate 4 

i<] is acre r futon hraetcatu, g. et sp. nov.; 7, habit sketch, about X 0.8; 2, a 
leaf, showing details of venation, X 0.8; a stamen, lateral view, 
Xl2; 4, base of an anther, showing transversely subcord ate connective, 
X 12; /I, a petal, X 3.2; 6*, calyx and style, X 3.2. 
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A DISCUSSION OF TIIE ETIOLOGY OF LEPROSY, WITH 
ESPECIAL REFERENCE TO THE POSSIBILITY OF 
THE TRANSFERENCE OF LEPROSY BY INSECTS, 
AND THE EXPERIMENTAL INOCULATION OF 
THREE MEN 


By Edward B. Vkddkk ' 

TAeutennnt Colonel , Medical Corps, United Stales Army 
SIX TEXT FIGURES 
INTRODUCTION 

Although there can be no manner of doubt that leprosy is 
an infectious disease and that as such it: can only be acquired 
from an antecedent case, nothing accurate is known concerning 
the method or methods by which the disease is transferred or of 
how or where lepra bacilli enter the body. 

With regard to the portal of entry for the infection, practi¬ 
cally all evidence obtainable indicates that the bacilli probably 
enter the body through the skin. Infection through the ali¬ 
mentary canal and through the genital organs has always boon 
considered as highly improbable from the nature of the disease 
and its known epidemiological characteristics. On the other 
hand, a number of writers have claimed the respiratory tract 
as the common portal of entry. The lungs may be easily dis¬ 
missed since they are rarely alfocted by leprosy and then at 
a late period of the disease; but nasal lesions are among the com¬ 
monest lesions of leprosy, and some authors have found lesions 
and bacilli in the nose to be the most constant single symptom 


From the United States Army Medical Department Research Board. 



216 


The Philippine Journal of Science 


1928 


in leprosy. Heiser found it in 799 out of 1,200 lepers. But 
most of Heiser’s lepers were advanced cases. Solis and Wade 
examined 250 children above 3 years of age who developed lep¬ 
rosy at Culion, and in 60 per cent found lesions in the skin 
only. They failed to find a case with positive nasal smears 
in the absence of positive skin lesions. Other authors have 
reported finding bacilli in the nose rarely in early cases, and 
Neisser stated that he had never seen a single case of exclusive 
leprosy of the nose. The frequency of the first observable 
lesion on the face and the free communication with the lymph 
channels ot the nose may readily account for the occurrence of 
early nasal infection. Most authorities are of the opinion that 
while in certain cases the nose may be a portal of entry, this 
cannot be accepted as the common method of transmission. 

This leaves us only the skin as the common portal of entry. 
In many, perhaps the majority of cases, a sharply localized 
cutaneous lesion is the first demonstrable lesion of leprosy; 
and while it must be admitted that in any given case it is 
impossible to prove that these lesions are the first and only mani¬ 
festations of leprosy, still this is a strong probability. Many 
such observations have been made of which the following may 
be quoted. Cognac and MougeotU) found in Cochin China, 
that of 2,437 cases, the first sign of leprosy appeared 550 times 
on the feet, 420 times on the hands, 321 times on the hands 
and feet, and 337 times on the face. Callender and Bittorman(2) 
in a study of 259 lepers in the Philippines found that the first 
observed lesion of leprosy occurred on an exposed portion of 
the body in 95.5 per cent ol the cases. The significance of this 
observation is reduced by the fact that in 78.2 per cent of the 
cases the first symptom observed was anaesthesia which indicates 
a nerve involment. Nevertheless, the early involment of the 
nerves by no means excludes the skin as the portal of entry, 
since the bacilli so entering may readily gain access to the 
nerves by blood and lymph channels. Callender and Bitterman 
conclude that their data on the location of the primary lesion add 
to similar data reported by others and favor the theory that 
the organism enters the body through abrasions or similar 
wounds in the integument of the exposed parts of the body. 
Rodriguez (2) records a single cutaneous lesion, believed to be 
the initial lesion in 75 per cent of a series of 59 children who 
became leprous at Culion. The commonest sites of this initial 
lesion were the buttocks, 28 per cent; extremities, 34.9 per cent; 
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and cheeks, 11.8 per cent. From this unusually favorable ma¬ 
terial it seems probable that in 75 per cent of early cases the 
first demonstrable lesion is not only found upon the skin, but 
upon an exposed part of the body. 

Admitting the probability that the skin is the most frequent 
portal of entry, we are confronted with a further difficulty. 
According to the opinion of most authorities leprosy is conta¬ 
gious; that is, it is conveyed by personal contact with a leper, 
or by intermediate contact by handling articles contaminated by 
lepers. Some of the known facts concerning leprosy favor 
this view; as, for instance, the enormous number of bacilli 
discharged by advanced lepers from ulcerating lesions of the 
skin, from the nasal lesions, and in the various secretions 
and excreta; the fact that leprosy is often a familial disease; 
that the denser the population, the greater is the tendency to 
the incidence of the disease in those countries where it is en¬ 
demic; and finally that from time immemorial popular opinion 
has always assigned contact as the method of transmission. 

While not denying that such contact may be one method of 
transmission of leprosy, there is nothing in the evidence avail¬ 
able to indicate that it is the only method or even the most 
usual method of transfer. In fact there are some considera¬ 
tions that indicate that transfer by bodily contact must be 
unusual. Hirch(t) has compiled a great mass of evidence in 
opposition to the? transmission of leprosy by contact, and says: 

I am convinced that there is not a single fact that positively and irre¬ 
futably shows the transmission of the disease through contagion; on the 
other hand there are very cogent facts that contradict such a conception 
since they art* in complete contradiction with all experience concerning the 
transmission of true contagious diseases. 

Such arguments may be summarized as follows: 

1. The frequently observed instances in which endemic foci 
are sharply circumscribed in spite of free and even unhygienic 
communication with the neighboring people. In the Philip¬ 
pines, for example, we have the relatively high infection rate 
for Cebu and for Albay and the Bicol provinces in spite of 
free communication with the surrounding people. 

2. Although leprosy is often a familial disease, on the other 
hand there are many more instances where it has not spread 
to other members of the family. Even married couples, one of 
whom was leprous, have lived in intimate relationship as long 
as ten years without conveying the infection, and between in 
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fected husbands and wives usually not more than 5 per cent 
contract the disease, the single exception being in India, where 
the percentage is 6.5. 

3. McCoy in Hawaii, Gregory in Cape Colony, and the Leprosy 
Commission in India found that the proportion of healthy per¬ 
sons living with lepers who became infected is 4.2, 4.5, and 
5.5 per cent, respectively, in these different countries, while 
in Japan and Norway the percentage in both was about 2.7. 
Thus leprosy cannot be considered as a very contagious disease 
since only about one person out of twenty, living in close con¬ 
tact with a leper, contracts it. This very small percentage of 
infected, among people taking no precautions, and continuously 
exposed, indicates that leprosy is far less transmissible than 
syphilis, tuberculosis, or any other disease that is known to be 
transmitted by direct or indirect contact. 

4. Doctors and nurses in leprosaria, where they come into 
daily, intimate, personal contact with lepers and with objects 
contaminated by lepers, never contract the infection. The few 
doubtful exceptions that are recorded only prove the rule. Lep¬ 
rosy has never been transmitted even in the numerous in¬ 
stances sin which physicians have wounded themselves while 
operating upon lepers and attending women in labor.(4, 5) 

5. All but one of the numerous attempts that have been made 
to inoculate man experimentally have been completely unsuc¬ 
cessful. Thus, in the years 1844-1858, l)anielssen(l) repeatedly 
inoculated himself, several assistants, doctors, and syphilitic 
and favus patients, a total number of twenty, with leper nod¬ 
ules, which he placed under the skin, with blood, and with 
pleuritic exudate, without any positive result. Prof eta also 
inoculated ten persons without result, and similar experiments 
of Hargilis were negative. One such experiment by Arning(<») 
was positive, though even this is not fully accepted by all au¬ 
thorities, owing to the fact that the experiment was performed 
in an endemic area and on a man who, as has been subsequently 
claimed, came from a leprous family. 

As the result of these undoubted facts it must be admitted 
that if leprosy is transmitted by contact it is only with great dif¬ 
ficulty, under very special circumstances, and usually only after 
long and intimate association wdth a leper. Children arc be¬ 
lieved to be especially susceptible to leprosy, yet Rodriguez has 
found that the average age at which children born of leprous 
parents and living in a leper colony were found to be positive 



37,5 


Vedder: Etiology of Leprosy 


219 


was 5 years 9 months. Calculating the incubation period (con¬ 
cerning which nothing can really be known) as three years 
nine months, the average age of infection would be 2 years. 
Close and intimate association with a leper for at least two 
years is therefore required on the average for the transmission 
of leprosy even to children. One would, therefore, naturally 
suppose that if leprosy were commonly transmitted by contact, 
practically all lepers would give a history of previous associa¬ 
tion with a leper. But this is not the case. McCoy, (7) who is 
himself an advocate of personal contact as the cause of leprosy, 
studied the histories of 1,000 lepers segregated at Molokai. Of 
these, association with lepers prior to segregation could be de¬ 
monstrated in only 461, or 46 | per cent; while it could not be 
demonstrated in 599, or 56-]- per cent. Callender and Bit- 
terman, who investigated the histories of 259 lepers at San 
Eazaro Hospital, Manila, found only 66.9 per cent who admitted 
any previous contact with lepers, familial or otherwise; Muir(8) 
found that of 3,680 Indian lepers, only 58 per cent remembered 
contact with lepers prior to developing the disease; and similar 
figures have been obtained by other observers. Making all 
necessary allowances for ignorance in some cases and the ten¬ 
dency to deny previous association, it would seem that previous 
contact with lepers should be demonstrable in a higher per¬ 
centage of cases if the disease were acquired by contact, es¬ 
pecially as we have shown that such contact must generally be 
prolonged and intimate. 

Still more convincing are the occasional cases that occur 
among Americans or Europeans in the Philippines, none of 
whom has been in intimate association with lepers, and few 
of whom have any recollection of contact, however casual, with a 
leper. I have personally known several such cases, and there 
is the history of one case in a lady, the wife of an officer. 

All of these considerations throw doubt upon contact as the 
usual method of transmission and suggest the possibility that 
leprosy may more commonly be transmitted by some interme¬ 
diate agency, such as the bites of certain insects. This pos¬ 
sibility has, indeed, been considered by all authors, usually only 
to be dismissed rather summarily. Thus, McCoy(6) writes: 

The .second theory and a most alluring one is that of insect transmission. 
The fly, the louse, the bed-bug, the mosquito, and the itch-mite have all 
been under suspicion at one time or another, but when the affirmative 
evidence in each case has been submitted to careful laboratory and epi- 
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demiological study it ha^ been found to be inadequate to account for the 
general transmission of the disease. So far as flies are concerned it can¬ 
not be denied that it is conceivable that they might carry leprosy bacilli 
on their legs, and it has been experimentally shown that they can carry 
the organisms of rat leprosy and other acid-fast organisms from place 
to place, but that this can be considered as more than a possible, or at 
most an occasional, mode of transmission remains to be shown. 

With regard to blood-sucking insects the evidence is also flimsy. In 
the many insects of this sort that have been examined when caught in 
the environment of lepers or a*fter feeding on leprous lesions the bacilli 
have been found so rarely as to make it unlikely that this means of con¬ 
veyance occurs commonly. The lesions of leprosy are of such a nature 
that an insect can pierce through them into the blood stream and suck 
blood, without organisms being imbibed or even contaminating the piercing 
organs. There is one point in this connection that has not been sufficiently 
considered; during the febrile periods through which so many lepers pass, 
the bacilli may circulate in the peripheral blood, at times in large numbers, 
and it is possible that at such periods blood-sucking insects may take up 
the bacilli. 

With regard to the itch-mite, we can only say that while lepers are 
very often infested with this parasite, many persons develop leprosy who 
have never had itch. 

These objections are far from convincing. In answer to the 
statement that, “the blood-sucking insects become infected so 
rarely as to make it unlikely that this means of conveyance oc¬ 
curs commonly,” it may be replied that leprosy is not a com¬ 
mon disease, only about one per thousand of the inhabitants 
of the Philippines becoming infected. If a blood-sucking insect 
may transmit leprosy, it can only do so by biting a leper through 
a leproma and so becoming infected. Since the lepra bacilli 
cannot be supposed to undergo any cycle of development in an 
insect host, the insect can only transmit the disease mechani¬ 
cally, and must therefore bite another victim while its proboscis 
is still soiled with viable bacilli. This might readily happen 
with lice or fleas, which feed several times within twenty-four 
hours, or with mosquitoes and biting flies that have been in¬ 
terrupted while feeding. The difficulty of transmission in this 
manner favors this theory of transmission rather than ren¬ 
dering it improbable; for if insects could transmit leprosy 
as lice transmit typhus, fleas transmit plague, or mosquitoes 
transmit malaria, enormous numbers would develop leprosy. 
Again, the statements that “the lesions of leprosy are of such 
a nature that an insect can pierce them without becoming in¬ 
fected/' is undoubtedly often correct. Nevertheless, the larger 
tubercles, which contain innumerable bacilli, are not so readily 
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pierced, and personal experiment has shown that lepra bacilli 
can be demonstrated in 40 per cent of the mosquitoes that are 
allowed to bite such lesions. If it is only rarely that an insect 
succeeds in biting over such a favorable area under natural 
conditions, this again agrees with the epidemiological facts. 

On the other hand, a number of considerations may be ad¬ 
vanced in favor of the theory of insect transmission. This 
theory not only accounts for the rarity of the disease, but it 
explains why long and close association with a leper is usually 
essential to transmission. It not only explains the increase in 
incidence of infection with increase in density of population 
as well as the personal contact theory, but it also explains the 
exceptions to this tendency, and the prevalence of the initial 
lesion on an uncovered portion of the body. Noc(i) made a 
point of this fact together with the appearance of leprosy, in 
his experience, only in the zones where there were mosquitoes, 
and demonstrated lepra bacilli in half of one hundred fifty culi- 
cine mosquitoes that had bitten advanced lepers. It explains the 
more frequent infection of those inhabiting the same house 
with a leper. Still more important, it affords an explanation 
for the occurrence of leprosy among persons who, so far as 
known, had no previous contact with lepers, certainly none but a 
most casual contact, which all experience has shown does not 
transmit the disease. Still further, the introduction of a few 
bacilli into the skin combined with the irritating saliva of the 
insect may afford just the circumstances needful to a successful 
inoculation, which have been so conspicuously absent in the 
numerous experimental inoculations on man. Finally, lepra 
bacilli have been found on numerous occasions and with a con¬ 
siderable degree of frequency in a number of biting insects, as 
will be seen from the following resume of the literature, which 
moreover makes no claim to being complete and exhaustive. 

Flies. —Jolyd) in Madagascar found bacilli in the intestinal 
tract and on the feet of flies that fed upon leprous ulcers, and 
believed that they might infect food. Currie(a) examined flies 
of several species found in the Hawaiian Islands, chiefly Muse a 
domestica , and found that when permitted to feed upon leprous 
fluids these flies contain lepra bacilli in their intestinal tracts 
and faeces for several days, and that they may convey immense 
numbers of lepra bacilli to the skin, mucous membranes, and 
digestive tracts of healthy persons, and that we are justified in 
regarding these insects with grave suspicion as being one of 
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the means of disseminating leprous infection. Sandes(io) in¬ 
closed flies over ulcerated leprotic surfaces, and out of seventy, 
found lepra bacilli in the gastro-intestinal tract in two. In 
19 i;{ Leboeuf(it) found lepra bacilli in nineteen out of thirty- 
six flies captured in the rooms of lepers; and in 1916 Marchoux 
found the bacilli in the digestive tract and on the feet of flies, 
but that they died rapidly outside of the intestine. In 1917 
de Buen.dD out of a lot of fifty flies fed on ulcerating lepro- 
mata, found five slightly infected and twenty-six grossly in¬ 
fected. Mello and Cabral 0 0 in 1926 found that 40 per cent 
of the flies (Muaca bczzii) captured from the leper asylum or 
fed on lepromata contained lepra bacilli in their intestinal 
contents, while it was impossible to find any acid-fast bacilli 
in those flies captured in other places. 

Thus there is a very considerable accumulation of evidence 
that flics become infected with lepra bacilli. However, non¬ 
biting flies could only transmit the disease by contact or by 
infecting food, methods of transmission that we have already 
considered as incapable of explaining all the known facts con¬ 
cerning the epidemiology of leprosy. In this discussion we 
are more interested in biting insects, among which bedbugs, 
lice, fleas, and mosquitoes may be considered. 

Bedbug a .-—Bedbugs have been incriminated by several writers 
who have found lepra bacilli in them, while several other in¬ 
vestigators have failed to find them. 

(loodhue(l2) was apparently the first to find lepra bacilli in 
the common bedbug ( Cime.r lectvhivia ) and writes— 

I believe that the Cimex is more of a factor in the spread of leprosy 
among the natives than the gnat, for the following reasons, viz., the bed¬ 
bug’s invasion is noiseless and insidious, made during the sleep of the 
victim, and secondly, the beds and bedding used in a leper family, whether 
the leper is dead or segregated, are occupied by clean persons without 
adequate disinfeetion. 

Ehlers, Bourret, ami With U-0 examined seventy-one bedbugs 
that had bitten lepers, in none of which were lepra bacilli 
found with certainty, although they reported three as doubtful. 

Sandes(io) examined seventy-five bedbugs that had bitten 
lepers and found lepra bacilli in twenty of them, often in con¬ 
siderable numbers (twelve in one field). These bacilli do not 
readily disappear but can be found up to sixteen days after 
the insects are fed. They were also found in smears made 
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from the mascerated head and proboscis five days after feeding. 
Acid-fast bacilli were not found in bugs collected from non¬ 
leper sources. Sandes concludes that there is reason to believe 
that the bedbug constitutes a very important agent in the trans¬ 
mission of leprosy. 

LongU4) also regularly found lepra bacilli in bugs that had 
bitten lepers, while control bugs were negative. Long also re¬ 
ported a case in a native who so far as known had never been 
in direct contact with a leper, but who had on several occasions 
slept in the bed of a leper in a different town and was severely 
bitten by bugs there. 

Skelton and Parham (15) examined seventy-live bedbugs 
caught on beds at a leper asylum and with one doubtful exception 
found no lepra bacilli in them. This, however, is quite a dif¬ 
ferent experiment from permitting the bugs to bite lepers. 
However, Thompson (16) fed bedbugs on cases of leprosy on sev¬ 
eral occassions, and of one hundred one bugs so fed, was unable 
to find lepra bacilli in any. 

Again, however, lepra bacilli were definitely found by John¬ 
ston (17) live times out of three hundred fifteen bugs collected at 
Culion from the beds and houses of lepers. Only fifteen bugs 
were examined by direct smear, and acid-fast bacilli were found 
in one. 

According to Mello and Cabral, de Buen in 1917 found bed¬ 
bugs to be infected frequently, the percentage being 9.9 among 
bedbugs fed upon nodular lepers, and 0.88 among bedbugs col¬ 
lected in the beds of leper patients. 

Mello and Cabral HD themselves also investigated bedbugs 
and found that out of twenty bedbugs collected from the beds 
of lepers at the asylum of Mapuea, ten contained lepra bacilli 
in the intestinal tract. Thirty-six bedbugs were permitted to 
bite cases of nodular leprosy whose nodules had previously been 
shown to contain bacilli. Lepra bacilli were found in twenty- 
one, the number varying from one to twelve, and in the latter 
cases live globi were also found. Bedbugs from nonleprous 
sources were always negative. They also found that after an 
infective feed, the number of lepra bacilli commenced to dimin¬ 
ish toward the fourth day. 

Rodriguez (•'!) suggests the possibility of the bedbug as a 
transmitting agent, stating that acid-fast organisms considered 
to be lepra bacilli, have been found in 10 per cent of three hun- 
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dred two bedbugs fed on lepers, as reported by various workers, 
and 1 per cent of live hundred sixty-six specimens caught from 
lepers’ quarters. 

In the case of the bedbug, the evidence is conflicting, but 
there- have been so many different positive findings that they 
must be considered as outweighing the negative findings. Not 
only do positive findings as a rule carry more weight than nega¬ 
tive findings, but this is especially the case in an investigation 
of this character. A slide may be searched for an hour for 
lepra bacilli without result, and finally a definite clump may 
be found when the searcher is about to discontinue the search 
and call it negative. Obviously the more carefully nodules are 
selected, so that the bugs bite over an area containing numer¬ 
ous bacilli and the more painstaking the subsequent exam¬ 
ination of the bugs, the higher will be the percentage in which 
lepra bacilli will be found in the intestinal contents. 

Lice. —Joly(i8) cites Sabrazes as suspecting lice of transmit¬ 
ting leprosy, and noted the prevalence of lice among the poorer 
classes in Algeria, these classes furnishing the greater number 
of lepers in that country. 

Ehlers, Bourret, and With (is) examined twenty lice that had 
bitten lepers, of which nineteen were negative, while one was 
classed as doubtful. They found “three or four acid-fast, extra 
cellular bacilli,” which they did not regard as characteristic 
lepra bacilli. However, it seems probable that they were, since 
no such acid-fasts were found in lice that did not bite lepers. 

McCoy and Clegg (u>) state: 

In some recent work in connection with the study of the possibility of 
the transmission of leprosy by animal parasites, we found a large number 
of acid fast bacilli in smears made from two lice (Pf die ulus capitis) taken 
from an advanced case of nodular leprosy. In morphology, grouping, and 
tinctorial characteristics, the organisms found in these insects were indis¬ 
tinguishable from the leprosy bacillus. There was a leproma on the fore¬ 
head adjacent to and invading the scalp ... We have examined lice 
from several other cases of leprosy but with uniformly negative results. 

From the above, it will be seen that although the evidence that 
lice may contain leprosy bacilli is not so extensive as for some 
other insects, the statement by McCoy and Clegg is very definite. 
We must assume that under the proper circumstances lice do 
become infected, and the louse must be considered a possible 
though probably not frequent vector of leprosy. 

Fleas .—Fleas are very difficult to handle and to keep alive, 
and relatively few examinations of them have been made, 
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yet these are quite suggestive. SandesOO) examined sixty 
fleas that had bitten lepers and found acid-fast bacilli corre¬ 
sponding to lepra bacilli in two of them. Ehlers, Bourret, and 
With (13) found lepra bacilli in one out of thirty-one fleas fed 
upon lepers. 

Mosquitoes .—Leloir (Traite pratique et theoretique de la 
lepre, Paris, 1886) believed mosquitoes to be possible vectors 
of the infection. Aming (Archiv. f. Dermat. und Syph. 1891, 
No. 1, Congress de Berlin) remarks that leprosy and mosquitoes 
invaded the Hawaiian Islands at almost the same time. Blan¬ 
chard (Bull, de PAcad. de Med. July 30, 1905) states that leper 
countries are also usually mosquito countries. Hallopoau (Bull, 
de PAcad. de Med. July, 1901) and Chantemesse (Bull, de PAcad. 
de Med. July 30, 1901) favored the hypothesis that leprosy is 
transmitted by culicines.(20) These writers based their ar¬ 
gument upon theoretical considerations. 

Noc (Ann. d’Hyg. et de Med. Col. July-Sept. 1903, p. 481) not 
only pointed out that the first lesion of leprosy usually occurs 
on uncovered portions of the body, and that lepers usually only 
occur in countries where mosquitoes are numerous, but ex¬ 
amined mosquitoes and found lepra bacilli in half of one hun¬ 
dred fifty eulicine mosquitoes. 

Goodhue(12) found lepra bacilli in considerable numbers in 
a few out of a large number of Culex pungens caught at random 
from leper houses. Ehlers, Bourret, and With (13) examined 
twelve Sleyomyui fasciata Fabricius (Aedes aegypti Linnaeus) 
and found in one not only numerous single lepra bacilli, but 
also a globus. Currie(9) examined four hundred ninety-three 
mosquitoes collected from the rooms of lepers and found no acid- 
fast bacilli in any of them. lie concludes, therefore, that mos¬ 
quitoes feeding under natural conditions, imbibe lepra bacilli 
so rarely that this insect is of no importance in the transfer 
of the disease. This conclusion cannot be accepted, for Currie’s 
negative results are balanced by the positive results of Goodhue 
which were also obtained on mosquitoes collected at random. 
As Currie himself says, if mosquitoes do contain the bacilli, the 
mechanism for the transfer of the bacilli is complete and the 
insect may be a factor in the transmission of the disease. 

Supposing mosquitoes to be the usual method of transfer, 
the fact that they become infected so rarely under natural con¬ 
ditions of biting, is a good explanation of the fact that only 5 
per cent of the persons in close association with lepers ever 
develop leprosy. 
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Ticks. _According to Mello and CabralUD ticks have been 

examined in Brazil by Rodolpho who has found lepra bacilli 
in their intestines as long as thirteen days after a feed upon a 
patient suffering from leprotic fever. 

Sarcopt.es scabei has been suggested as a probable cause by 
several investigators, but without finding lepra bacilli on them. 
Most writers dismiss this possibility with the statement that 
most lepers have never had the itch. This by no means ex¬ 
cludes the probability that infection may at times be carried 
by this parasite, whose known habits strongly favor this pos¬ 
sibility. Such a method of transfer would explain the case 
quoted by Manson-Bahr(2l) “as an instance that can only be 
explained by contagion.” This case was an Irishman who had 
acquired the disease in the West Indies. After his return to 
Ireland, he slept in the same bed as his brother, who moreover, 
sometimes wore the leper’s clothes. This brother, who had 
never been out of the United Kindom, became a leper. 

Rodriguez (-‘0 reports three cases in which the first lesion of 
leprosy developed from a scabies scar. This is fairly convin¬ 
cing evidence that infection may occur in this manner. 

Demode. r folliculorirm.- -Borrel(-2) suggested this parasite as 
a transmitting agent. Ehlers, Bourret, and With(i-3) found in 
their sections of lepromata numerous hair follicles containing 
free lepra bacilli and epithelial cells containing globi. At one 
place they found a Demodex surronded by a great quantity of 
lepra bacilli, and believed that their findings afforded support 
for Borrel’s hypothesis that the Demodex might convey the in¬ 
fection. 

From this summary of the literature it is evident that leprosy 
mny be transmitted by a wide variety of biting insects and skin 
parasites. It may well be that no one of these parasites is the 
sole transmitting agent, but that several or all of them may 
serve to transmit the infection under favorable circumstances. 
The familiar tendency of the disease, the value of isolation, the 
rarity of the infection among those exposed, the location of the 
first lesion on an exposed part of the body, and even cases cited 
as sure proof of the contagion theory can be readily explained 
by assuming transmission by one or more of these insects. 
Considering also the great difficulty in explaining the incidence 
of the disease on the theory of contagion, it would seem that 
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more authorities should agree with Castellani and Chalmers(23) 
who state that “everything in the history of the disease appears 
to us to favor its spread by animal agency.” 

EPIDEMIOLOGICAL OBSERVATIONS 

Desiring to obtain any information that might throw light 
upon the method of transmission of leprosy, a study was made 
of the incidence of leprosy in the Philippines. Since the actual 
number of lepers is not known with certainty, the study was 
based upon 16,551 lepers diagnosed and segregated during the 
twenty-one years 1906-1926. A tabulation of these lepers, by 
provinces, was furnished me through the courtesy of Dr. Lopez 
Rizal, of the Philippine Health Service, together with the es¬ 
timated population of all the provinces during these years. 
From these figures, the average annual admission rate per 
thousand was worked out for each province (Table 1). 

OEOCRAPUICAI. niSTUUiimON 

The incidence of leprosy by provinces is very irregular. Albay, 
Sorsogon, and Camarines Sur have high rates (0.156, 0.135, 
0.080), while Camarines Norte and Tayabas, adjoining, have 
low rates (0.030, 0.035) ; Zambales, Bulacan, and Nueva Ecija 
have relatively high rates (0.169, 0.090, 0.067), while the in¬ 
tervening provinces Tarlae, Pampanga, and Pangasinan have 
the low rates of 0.041, 0.039, and 0.016; Tlocos Sur has a rate 
of 0.022, while llocos Norte on one side has a rate of 0.045 and 
La Union on the other side a rate of 0.057. These examples 
show that leprosy does not spread evenly among the population 
by contiguity, but that there are local conditions operative which 
produce a high incidence of leprosy in certain provinces while 
people in neighboring provinces who are separated only by an 
imaginary line have a low incidence. 

It has been shown moreover that this distribution is not 
temporary but has always existed. Tin* disease was especially 
prevalent in the same localities before the Spanish colonization, 
and under the Spanish administration lazarettos were early 
established in Cebu and in Palestina, near Naga, Camarines Sur, 
as well as in Manila. If leprosy were transmitted solely by 
contact, it is difficult to understand tin's irregular distribution 
among people of neighboring provinces who intermingle freely 
with each other. 
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HUMIDITY 

It was suggested by Rogcrs(24) that the incidence of leprosy 
in India depended upon rainfall and humidity and was rela¬ 
tively rare in dry climates. No part of the Philippines is dry, 
and Guerrero(25) showed clearly that this factor was unim¬ 
portant in the Philippines. Baguio, Mountain Province; Suri- 
gao, Mindanao; and Paracale, Camarines Norte, are the stations 
having the highest average relative humidity, yet they have 
very low rates of leprosy incidence (0.015, 0.009, 0.030). On 
the other hand, the stations at Cebu, Vigan, Manila, and San 
Isidro, which record the lowest average humidities, are in prov¬ 
inces or regions where the rates are among the highest. Twen¬ 
ty-seven per cent of all the lepers in the Philippines come from 
the small island Cebu. 


DENSITY OF I’OPUI.ATION 

From the Statistical Bulletin, published by the Department 
of Commerce and Communications, the areas of the provinces 
in square miles were obtained, and the average population per 
square mile for each province was calculated for the same 
years (1906-1926). The figures so secured, together with the 
average annual leper rate per thousand, are shown in Table 1. 
The average leper rate per thousand was then charted by prov¬ 
inces in the order of density of population as shown in fig. 1. 
From this analysis two deductions may be drawn, namely: 

1. As has been previously stated by several authorities and 
especially by Guerrero, (25) there is a definite tendency for lep¬ 
rosy to increase with density of population. Thus provinces 
having from 9 to 68 persons per square mile had an average 
annual admission rate of 0.042 per thousand, in provinces having 
101 to 199 persons per square mile the similar rate was 0.068, 
in provinces having from 222 to 278 persons per square mile 
the rate was 0.083, while with a population of 305 and upward 
the rate was 0.140. 

2. A glance at the chart (fig. 1) will show that the curve is 
exceedingly irregular, some localities having a dense popula¬ 
tion (La Union 448, Pampanga 305, Pangasinan 278, Batangas 
255, Marinduque 156) had exceedingly few lepers admitted 
annually, and Manila, undoubtedly the most densely populated 
area in the Philippine Islands, had a lower rate than Cebu, Ho- 



Average annuel leper 3dm c sion rate per thousand. Province* arranged In order of percentage of cultivated land. 
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cos Sur, of Batanes. Cebu, which is very densely populated 
(432 per square mile), had the highest rate of all, a rate higher 
than the rate for Manila whose population is 19,494 per square 
mile. On the other hand, a number of provinces having a com¬ 
paratively sparse population (Zambales 56, Batanes 111, Albay 
162) had unusually high admission rates. 

This indicates that density of population is only one factor 
and not the most important factor in the transmission of lep¬ 
rosy, a fact that is inconsistent with the contact theory; for 
if leprosy were transmitted always or even usually by contact, 
the rate of infection should increase more regularly with density 
of population. 

Population is not evenly distributed with the same number 
of inhabitants for each square mile as assumed in fig. 1, and 
several attempts were made to determine the population dis¬ 
tribution more accurately. 

Thus, it may be assumed that more people live upon culti¬ 
vated than upon uncultivjfted land. The percentage of culti¬ 
vated land in each province as given by the Statistical Bulletin 
was arranged in order from the lowest to the highest and charted 
with the leper ntte for the corresponding, provinces (fig. 2). 
The curve of leper incidence plotted in this way agrees in 
general with fig. 1 and shows the same irregularities. 

Figure 3 was then prepared on the assumption that in prov¬ 
inces having less than 7 per cent of cultivated land the popula¬ 
tion would be evenly distributed, and that in provinces having 
more than 7 per cent the entire population would be concentrated 
on the cultivated land. 

Land is classified by the Statistical Bulletin as commercial 
forest, noncommercial forest, swamp land, cultivated land, and 
grassland. Inhabitants cannot be numerous in forest except in 
the case of the uncivilized tribes. Therefore, tig. 4 was prepared 
on the assumption that in provinces having less than 20 per 
cent cultivated land and grassland the majority of the popula¬ 
tion was evenly distributed, and that in provinces having more 
than 20 per cent cultivated land and grassland the total popula¬ 
tion lived upon this land. Figures 3 and 4 agree in general 
with figs. 1 and 2 and are quite as irregular. Tn fact, the 
closer we approach the actual density of the population, the 
more irregular becomes the curve 1 of the leprosy incidence. 



Flo. 4. Leper rate charted on assumption that population Ives on cultivated land and grassland. 
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Tarip 1 —Provinces <>f the Philippine.s arranged alphabetically and show- 
' for carh the total population, the area in square miles, the popu¬ 
lation per square mile, and the average annual leprosy admission rate. 
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TABLE 2. —Provinces of the Philippines arranged by per capita income from 
nine principal crops and fishing and showing the annual average 
leprosy admission rate for each province. 



Per 

Annual ad- 
1 mission 


1 Per 

1 

Annual ad¬ 
mission 

Province. 

capita 

income. 
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thousand. 

1 
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! Butanes 

6 

0.218 

Oriental Negros 

37 

0 027 

i Sulu 

6 

0.034 | 

Ilocos Norte 

39 

0.045 

! Cotabato 

9 

0 011 

Misamis 

42 

0.061 

| Palawan 

10 

0 029 | 

Mindoro .. . 

45 

0.031 

! Kizal ...... 

ir> 

0 136 

Cagayan. 

46 

0.090 

| Masha tv ._ 

17 

0.079 

Pangasinan. 

48 

0.016 

j Antique. 

19 

0.074 

Surigao 

49 

0 009 

| Bukidnon 

19 

0 008 

Albay_ 

50 

0. 156 

Bohol 

22 

o.or>8 

Tarlac . 

51 

0,011 

ZambalcH. 

22 

0 169 

La Union 

52 1 

0.057 

Mountain Province . . _ 

23 

0 015 

Soraogon. .. j 

53 j 

ft 135 

i Samar _ _ _ 

21 

0.034 

(’amarines Sur _ 

54 | 

0 080 

j Cebu___ _ 

2f> 

0. 275 

Isabela_ 

54 

0.016 

j Zamboangu. 

27 

0.072 1 

Agusan_ 

58 | 

0.035 

! Batangaa j 

1 27 

0.037 

Marinduque. | 

59 | 

0 017 

1 Lanao 

28 

0 040 

Nueva Vircaya . 

65 | 

0 005 

j Komhlon 

31 

0.041 

Bataan .. 

66 | 

0 083 

Ijeyte j 

32 

0.035 

Camarines Norte • 

70 ! 

0-030 

Abra. | 

33 

0 037 

Pampanga 

82 ! 

0.039 

Bulacan 1 

34 

0.090 

Tayubnn „. -} 

84 : 

0.035 

IIocoh Sur : 

36 

0.220 

Davan. .... 1 

w7 | 

0 021 

Cupiz 1 

37 

0 068 

Laguna. . 

95 ! 

0 062 

Cavite.. . . i 

37 

0 088 

Nueva Eeija. . 

95 ' 

0.067 

Iloilo .. . j 

37 

0 137 

Occidental Negros 

162 

ft 039 


These illustrations, which might be multiplied, show that 
some local condition other than contiguity or density of popula¬ 
tion is the most important factor influencing the transmission or 
nontransmission of leprosy. Lepers exist in all of the prov¬ 
inces, but in some, especially Cebu, llocos Sur, Albay, Batanes, 
and Zambales, conditions other than density of population facil¬ 
itate the transmission of the disease. 

WEALTH 

The Statistical Bulletin gives the total annual value of the 
nine principal crops (rice, abaca, sugar cane, tobacco, coconuts, 
corn, maguey, cocao, coffee), together with the annual income 
from the fishing industry, by provinces. From these figures 
the per capita annual income was calculated for each province 
(Table 2). The provinces were then arranged in order from 
the lowest to the highest and charted with their average annual 
leper rates (fig. 5). From this it will be seen that there is a 
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Agusan 
N Vizcaya 
Davao 
Miridono 
Isabela 
Tayabas 
Bukidnon 
Oc Negros 
Zamboanga 078 
Surigao 081 
Camannes N..09I 
M Ecya 106 
Palawan 1.10 
Lanao 1.10 
A bra 1.30 
Cagayan 132 
Mountain 140 
Cotabato 170 
Bataan 175 
Camannes S 191 
Masbate 230 
Zambales 2.50 
Mamnduque 2.62 
Tanlac 270 
Laguna 271 
5 a map 280 
Op Negros 3.67 
Pampanga 370 
Albay 380 
Romblon 390 
IlocosN. 410 
Misamis 430 
Sopsogon 432 
Capiz 4.75 
Pangasinan 560 
Leyte 578 
Iloilo 645 
Bulacan 752 
Antique 7.70 
La Union 860 
Cavite 889 
Batangas 9.44 
Bohol 1000 
I locos S 1330 
Rizal 15.90 
Cebu 1720 
Batanes 1850 
Sulu 2410 
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distinct tendency for the occurrence of higher leper rates among 
the poorer people. If the forty-eight provinces are equally di¬ 
vided, the first twenty-four, receiving the lower incomes, have 
an average annual leprosy rate of 0.083: while the twenty-four 
provinces receiving the higher incomes have an average annual 
rate of 0.049. 

This might he reasonably expected since, other things being 
equal, well-to-do people live under conditions of better sanitation 
and have a better diet than poor people, but the chart again is 
very irregular and shows clearly that this is a minor factor 
governing the incidence of the disease. These irregularities 
are not in the least corrected even when both factors of density 
of population and annual income are taken into consideration, 
as shown by fig. 6 in which the provinces are charted in the 
order indicated by a ratio between density of population and 
per capita income. 

Table 3. —Provinces of the Philippines arranged alphabetically and show¬ 
ing for each the beriberi mortality rate, 1920-111 >4, and the average 
annual leprosy admission rate. 
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Bataan 
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Misamis . . 
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0 001 

Batanes 
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0 218 

Mountain Province 1 

0 1.31 

0 015 

Batangas 

2.020 
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Bularan 

1 299 
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Muir(26) has stated that for India the most outstanding de¬ 
terminant of leprosy is dietetic. In all the regions where the 
incidence of leprosy was high there was a shortage of essential 
foods leading to partial starvation, which was usually associated 
with the consumption of decomposing food, especially bad fish. 
A had diet must undoubtedly be another predisposing cause of 
leprosy, but cannot be the main determining factor in the Phil¬ 
ippines. Without denying that the diet of many Filipinos is 
deficient, a fact that is indicated by the incidence of beriberi, 
there is no such difference in the food habits of the people of 
the different provinces as would account for a leper admission 
rate of 0.156 in Albay as compared with 0.037 in Batangas, or 
0.08 in Camarines Sur and 0.03 in Camarines Norte; nor does 
the incidence of beriberi show any real correlation with the 
leper rates, as indicated by Table 3. 

None of the factors that have been considered can be the 
main factor influencing the prevalence of leprosy, nor can it 
be expected that we can determine the conditions responsible 
for the transmission of the disease from such limited data. So 
far as it goes, the evidence is against transmission by contact 
and is so far favorable to the hypothesis that leprosy is an 
insect-borne disease. 

EXPERIMENTAL 


EXAMINATION OP MOSQUITOES 

While it has been shown that several insects may be possible 
vectors of leprosy, it was believed that mosquitoes should be 
investigated first; since, if the disease is insect borne, the cases 
of leprosy that occur without known contact with previous 
lepers can be explained best by infection through a flying, biting 
insect. The following method was first employed to determine 
the percentage of mosquitoes that might be infective after biting 
lepers. 

Aiides aegypti was selected because the insects of this species 
bite freely during the day, and the mosquitoes were raised in 
the laboratory from the eggs. Freshly emerged females that 
had never bitten were collected in test tubes, one mosquito in 
each tube, and taken to San Lazaro Hospital where they were 
permitted to bite lepers. The lepers were selected cases of 
macular and tubercular leprosy. A suitable area on the skin 
of the leper was selected, and examined microscopically. Only 
if many bacilli were present in the area selected were the mos- 
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quitoes permitted to bite. The test tube was then applied over 
this area, and the mosquito allowed to bite until filled with 
blood. In some instances the mosquito was interrupted and 
allowed to bite several times before it had completed its feed. 
I am indebted to the director of the hospital and to Doctor 
Tietze and Doctor Pardo for the facilities afforded for this 
work. Ten different lepers were used on different days, al¬ 
lowing about ten mosquitoes to bite on different favorable areas 
on each leper. As soon as the mosquitoes had all bitten, they 
were carried in the stoppered test tubes to the laboratory and 
killed by dropping chloroform upon the stoppers. The wings 
and the legs were then removed, and the blood from the ab¬ 
domen was expressed and spread upon a glass slide. These 
slides were then stained in the usual way with carbol fuchsin, 
decolorized with 20 per cent nitric acid and alcohol, counter- 
stained with methylene blue, and examined for lepra bacilli. 

Undoubted lepra bacilli were found in 41 per cent of this 
series of approximately one hundred mosquitoes. They were 
recognized as lepra bacilli not only because they were acid-fast 
and of characteristic morphology and size, but because of their 
characteristic grouping. In several instances entire globi were 
found. No acid-fast organism of any kind was found in ten 
control mosquitoes that were similarly examined after being 
permitted to bite normal men. 

During the course of this work it appeared that mosquitoes 
were more apt to become infected if they bit over tubercles 
where they were obliged to insert the proboscis through a thick 
leprous infiltration in order to obtain blood, or when they were 
interrupted so that they were obliged to bite several times. With 
the experience so gained, it would perhaps be possible to obtain 
infection of the mosquito in nearly 100 per cent of cases, by 
proper selection of lepers and technic of biting. However, in a 
state of nature comparatively few mosquitoes would become in¬ 
fected, so that the precise percentage infected by this experi¬ 
mental method is an academic question. 

The important point is that this experiment confirms the 
observations of others that have been quoted, and shows that 
under proper circumstances mosquitoes certainly might transmit 
the disease. 

It is not known how long lepra bacilli in the proboscis of the 
mosquito would remain viable, but from the nature of the 
organism it may certainly be assumed that they would remain 
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viable for at least several hours, and that if during this period 
the mosquito bit another victim, as it would surely do if in¬ 
terrupted in its first feed, these lepra bacilli would almost cer¬ 
tainly be injected with the saliva of the mosquito into the 
second host. This mechanism possesses all the points neces¬ 
sary to explain the transmission of a disease having the known 
characteristics of leprosy, especially the fact that it is trans¬ 
mitted only with great difficulty. 

TRANSMISSION EXPERIMENT 

Leprosy has never been successfully transmitted to animals, 
and experimentally only once to man. Accurate information 
concerning the method of transmission might be of the greatest 
value in the control and eventual eradication of the disease. 
Insect transmission is at least possible and the considerations 
presented above indicate that it is even probable. For these 
reasons a human experiment was believed to be justifiable. 

This proposition was presented to Governor-General Wood, 
who after due consideration authorized the experiment. Ac¬ 
cordingly, three volunteers were secured from Bilibid. The 
nature of the experiment was explained to these men who agreed 
in writing to submit to inoculation, and it was promised that 
should they develop leprosy they would be released from Bili¬ 
bid and sent to Culion where they would receive treatment. 
Since they would be kept under constant observation during 
the experiment, the disease would be detected early should it 
occur and the prospect of cure would be excellent. Only long¬ 
term prisoners were selected who had little to lose and much 
to gain, for the Board of Pardons had assured me that they 
would give these men favorable consideration in view of their 
cooperation in this experiment. It would seem to most people 
that not many would volunteer for such an experiment, but 
on the contrary there was a considerable number of volunteers; 
many were unsuitable for one or more reasons. The essential 
conditions to the acceptance of a volunteer were as follows: 

1. He must freely volunteer, knowing the nature of the ex¬ 
periment. 

2. He must be a long-term prisoner. 

3. He must be a young man in perfect health. 

4. There must be no leprosy in the family nor any history 
of contact with lepers. He must have been at least two years 
in isolation from possible infection in Bilibid, to exclude the 
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possibility of the development of leprosy from any other source 
than the experiment. 

It was determined to use one man as a control, using an in- 
tradermal method of inoculation, a method that so far as known 
had not been used in previous human experiments. The other 
two men were used to test the possibility of mosquito transmis¬ 
sion. The protocols of the experiments follow: 

I. Jose Malaborbor, Bilibid prisoner, 24 years old, sentenced 
to life imprisonment for robbery and homicide. He was born 
in Santo Tomas, Batangas. Father and mother are living and 
well, and four brothers and two sisters arc living and well. 
No lepers in the family. States that he saw a leper once in 
1910, but denies any contact with lepers at any time. Has been 
in Bilibid for the past four years (since 1923). 

Personal history .—Has always been well except that he had 
a fever of some kind in 1915. No history of other illness. 

Physical examination .—Figure slight but muscular and ap¬ 
parently well nourished. Skin shows numerous tattoo marks, 
and scars on the knees, but no eruption of any kind and the 
skin is otherwise normal. No thickening of the nerves, no anaes¬ 
thesia, nose and throat normal. No abnormalities of any kind 
detected. Photographs made, front and rear views. 

Inoculation .—March 29, 1927. The inoculation was made 
using material from the arm of Basilic Hat, an untreated leper 
from San Lazaro, but without any contact between leper and 
prisoner other than the inoculation. A slide made from a tu¬ 
bercle on the arm of Basilio Lat showed large numbers of lepra 
bacilli and globi. This tubercle was incised and scraped with 
a scalpel, and the scrapings were placed in a sterile watch glass 
where they were diluted with 0.1 cubic centimeter of sterile 
salt solution. A small portion of this bloody fluid was spread 
on a slide and stained, showing numerous scattered lepra ba¬ 
cilli. This material was then taken up in a sterile syringe and 
with a fine needle injected into the skin of the back of Mala¬ 
borbor, in the mid line one-half inch above a tattooed mark. A 
large white plaque formed immediately about the needle, show¬ 
ing that the injection was truly intracutaneous. Operation 
completed at 9.50 a. m. 

March 30-31, 1927. Negative. No acute infection. 

April 16, 1927. Three pinpoint papules over area of inocu¬ 
lation. 

May 19, 1927. Papules gone. Skin normal. 
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Monthly examinations made thereafter to include June, 1928, 
have been completely negative. No local or general symptoms 
of leprosy. 

[[. Alfonso Par, Bilibid prisoner, 26 years old with a 27-year 
sentence. He was born in Unisan, Tayabas. Father living and 
well. Mother died in 1919, cause unknown. No leprosy in 
the family, and so far as known he has never seen or been in 
contact with a leper. He has been in Bilibid during the past 
nine years. He has never had any kind of illness. 

Physical examination. —A very robust, muscular man, who 
is employed as a blacksmith. There are scars on the right 
thigh, waist, and left side from injuries, a tattoo mark on 
the right arm, and scars from acne on the face. Skin oily 
with numerous comedones, but otherwise normal. No thicken¬ 
ing of nerves, no anajsthesia, nose and throat normal. No 
other abnormalities detected. Photographs made, front and 
rear views. 

Inoculation. —April 18, 1927. Two untreated lepers from 
San Lazaro were examined, and suitable tubercles were selected 
in both cases that contained many lepra bacilli as shown in 
smears. These lepers were then brought to a laboratory in 
the Bureau of Science. Alfonso Par was also brought from 
Bilibid to the same room, but the lepers and the prisoner were 
seated on chairs at opposite sides of the room and were never 
in the slightest contact. Freshly emerged mosquitoes (Aides 
aegypti) were caught in sterile test tubes. A mosquito was 
then permitted to bite one of the selected areas on one of the 
lepers, and when it was about half filled, it was dislodged by 
shaking the tube; the tube was plugged and carried at once to 
the prisoner. The presumably infected mosquito was then per¬ 
mitted to bite the prisoner on the skin of the back in the mid 
line between the shoulder blades. This site was chosen because 
the skin is unusually thick in this locality, and because it is 
a situation that cannot be easily reached so that no feigned 
eruption could be produced. The mosquito was permitted to 
feed upon the experimental subject until it was satisfied and 
left the skin. At times, the mosquito was interrupted in its 
feed, and allowed to bite a second or even a third time before 
completing its meal. This process was repeated with twenty- 
one mosquitoes, the operation requiring about three hours, when 
the prisoner was returned to Bilibid. The mosquitoes used 
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were then dissected and the contained blood smeared on slides 
to be examined later for the presence of lepra bacilli. 

This operation was repeated on April 19, when twenty-one 
mosquitoes were again permitted to feed alternately upon one 
of the lepers and the prisoner. On each day half of the mos¬ 
quitoes were permitted to bite each of the lepers. Therefore, 
at the conclusion of the experiment, the prisoner had been 
bitten by forty-two mosquitoes that had just bitten a leper 
over an area known to be infective, twenty-one mosquitoes from 
each leper. All of the mosquitoes were applied to the prisoner 
over a small area, of approximately 2 square inches, in the 
mid line of the back, an area that could be readily recognized 
subsequently, should any lesion develop. 

This prisoner has been kept under continuous observation, 
being examined monthly, but up to June 30, 1928, fourteen 
months later, has developed no sign of leprosy, and has re¬ 
mained entirely well and continuously employed at his trade 
of blacksmith. 

III. Benito Lavandilla, Bilibid prisoner, 21 years old, sen¬ 
tenced to life imprisonment for theft with violence and murder. 
Ilis father was killed in a fight, his mother is living and well. 
One brother and one sister also living and well. No leprosy 
in the family, and no previous contact with lepers known. Has 
been in Bilibid five years. 

Physical examination .—A young man of slight physique, but 
well nourished and healthy, and employed as a clerk. Skin 
normal, no thickening of nerves, no anaesthesia, nose and throat 
normal. No abnormalities detected. 

inoculation .—June 7, 1927, was bitten by twenty-three freshly 
emerged mosquitoes (Aides aegypti) that had previously bitten 
Basilio Lat, the leper used in Experiment 1, and following pre¬ 
cisely the technic described in Experiment II. Lat had been 
under treatment with chaulmoogra for a month, and the tu¬ 
bercles on the skin were much reduced, and slides showed that 
many of the bacilli had become granular. 

June 9, 1927. Again bitten with thirty mosquitoes fed back 
and forth with Quisquino, a newly admitted and untreated 
leper whose lesions showed many bacilli. 

June 21, 1927. Again bitten with twenty-nine mosquitoes 
fed back and forth with Alcantara, a newly admitted and un¬ 
treated leper of several years standing and having tubercles 
containing many lepra bacilli. 
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On July 1 the skin over the area on the back where the 
mosquitoes had been applied was normal. This prisoner has 
been kept under continuous observation, and examined monthly, 
but up to June JO, 1928, has developed no sign of leprosy. He 
remained in perfect health until April 20, when he developed 
an acute diarrhoea of unknown origin, but probably some in¬ 
fection. Stool examination was negative except for the finding 
of several hookworm eggs. Recovered in a few days and has 
been well since (June JO, 1928). 

This experiment cannot yet be called negative, for none of 
the three prisoners has been under observation long enough 
to exclude the possible development of leprosy. The notes have 
been compiled at this time because of my immediate departure 
to the United States, but the observation will be continued by 
my successor. 

It should be noted, that even if this experiment should remain 
completely negative, it would in no wise disprove the theory 
that leprosy may be transmitted by insects. It docs not even 
prove that the disease is not transmitted by mosquitoes, since 
it is possible that neither of the two men selected for the trial 
of mosquito transmission was susceptible to leprosy. It is highly 
probable that many individuals are not susceptible and that this 
accounts for the failure of the numerous previous negative inoc¬ 
ulation experiments. It would appear that further experiments 
of this kind, using other biting insects and especially bedbugs, 
would be desirable, and, from the great importance of the sub¬ 
ject, justifiable as well. 
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ranged in order of the ratio between density of population and 
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THE EFFECT OF THE ADMINISTRATION OF ALCOHOL 
UPON THE RESULT OF THE WASSERMANN 
TEST IN YAWS MONKEYS 
By B. Tanabe 

Lieutenant Colonel, Imperial Japanese Army; and of the Division of 
Biology and Serum Laboratory, Bureau of Science , Manila 

In 1911 C. F. Craig and II. J. Nichols(l) published observa¬ 
tions regarding the effect of the ingestion of alcohol on the 
result of the Wassermann test in syphilitic patients, and those 
observations have since been confirmed by many observers and 
are of great practical importance because they have demons¬ 
trated that negative Wassermann tests in individuals who have, 
within one or two days of the collection of blood, ingested con¬ 
siderable amounts of alcoholic liquors are not dependable from 
the diagnostic standpoint. 

'Inhere are serologic analogies between syphilis and yaws. 
Yaws patients show a positive Wassermann reaction as fre¬ 
quently as do syphilitics. Philippine monkeys infected with 
yaws material also show a positive Wassermann reaction in the 
course of the disease as does man.(‘A •'*) 

The object of this investigation was to study further this 
serologic condition in experimental yaws monkeys. 

PROCEDURE 

I tested the Wassermann reaction in Philippine yaws monkeys 
before and after the administration of alcohol. At first al¬ 
cohol was administered by mouth and under the skin at the same 
time, but as it was soon observed that the ingestion of alcohol 
by mouth or the injection of alcohol under the skin or into the 
muscles had, in every way, the same effect as to the result of 
the Wassermann test, the latter method was used in further 
experiments in order to simplify the procedure. 

The experimental animals used in this investigation were 
Philippine monkeys infected experimentally with yaws strain 
Cadangan.ET) The actual Wassermann tests were performed 
by the workers of the division of biology and serum laboratory, 
Bureau of Science, who arc performing the regular routine 
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Wassermann tests in this institution and were unacquainted 
with the source of the blood samples submitted to them and 
consequently unprejudiced as to the interpretation of the 
findings. Table 1 shows the results. 

As the table shows, either the ingestion of about 20 cubic 
centimeters of 48 per cent alcohol given by mouth or the paren¬ 
teral administration of about 3 cubic centimeters of 95 per cent 
alcohol has rendered a double-plus positive Wassermann reaction 
negative; that is, incomplete haemolysis became complete when 
the Wassermann reaction was repeated with a new blood sample 
obtained within from twenty-four to forty-eight hours after 
the administration of alcohol. This negative result, artificially 
induced, became usually positive again when the test was re¬ 
peated on the same animal after a further interval of seventy- 
two hours; that is, within ninety-six hours after the administra¬ 
tion of alcohol. The effect of the administration of alcohol on 
the result of the Wassermann reaction became noticeable as 
early as one hour after the administration of alcohol (see W-6). 
The change in the result of the reaction was so marked that a 
double-plus reaction, just before the administration of alcohol, 
became negative in twenty-four hours after the administration 
of alcohol, while a four-plus reaction (that is, complete inhibi¬ 
tion of haemolysis) became one plus (slight inhibition of haemoly¬ 
sis). This effect continued sometimes for forty-eight hours or 
more. 

This observation, therefore, has a practical significance as it 
demonstrates that a careful inquiry as to whether or not yaws 
patients have ingested, within one or two days, considerable 
amounts of alcoholic liquors should be made before the collection 
of blood for the Wassermann test is attempted. If it so hap¬ 
pened, they should be instructed to discontinue the use of alcohol 
and report at a later date for the test. 

CONCLUSIONS 

1. The results of these experiments show that with regard to 
the effect of alcohol on the result of the Wassermann test yaws 
behaves the same way as syphilis. 

2. The results bring further proof of the identity of the Was¬ 
sermann reaction in Philippine yaws monkeys and in syphilitic 
patients. 

3. The yaws-infected monkeys are suitable experimental ani¬ 
mals for the study of the nature of the Wassermann reaction 
and for the study of the effect upon the Wassermann reaction of 



37.3 


Tanabe: Wassernwnn Test in Yaws Monkeys 




■*- E 

s # 


• x 
c 


g -8 


!- o 

E 


^ 5 -a 

sease 

3 CO rt — 


x 4- u ^ 
tl-o % * o 

r 11 ^w-C 
^ 3 iOfiC 

C pm 4 u 

*H C O 


+1 +1 


+ f I 
+ + ^ 


O <£> ^ O J" ! 

Cl 0i — Cl | -f- 


+ 1 1 » 


e +i 


ill! 


+ 4- 
i- *• 
_r f 


tr <£ ci 


+ H I +1 ! 


+1 +1 


I- +- 

4- -*■ *' 

+ -+- 

I- + 

CC -1 V 


.c ~ 


© 13 . ^ 

^ 


’? + £ 


<fc. 

s? 


C» 

£ 


S B 


CO 


< 

H 


C3 c -x c "o 

E ^ ° 


r? c 


,t £ 
b. 


gs-= 

rt -r 
O ^ i 


V-g 


Q 


or or an 


0j 0> Ci 0i 0, 


k. ^ <*- <rt 


I- t- r- t- t - i— x i- 

ci ci ci ci ci ci ci ci 

Cl 01 Cl 0. 0. 0 0. C« 


l- Cl ■*. Cl 

- - - ^ ti 3 - -i 

C C ^ r/j £ o f/J ^ 

© o o o © 

m <*> o o t - 

gr i - u- 

Cl Cl —' Cl Cl 


© 0 © 
1-0 0 

re ■<- *0 


£ £ £ E- £ 


*c *C _ 
^ ^ o 


249 














250 


The Philippine Journal of Science 


the administration of various drugs and chemicals as well as 
the effect of various conditions, physiologic and pathologic, upon 
this reaction. 

I wish to express my sincere appreciation of the courtesies of 
Dr. Otto Schobl, of the Bureau of Science, while this work was 
being done. 

Thanks are due to Drs. Onofre Garcia and Jose Ramirez for 
their kindness in performing the Wasserraann tests. 
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^TOTAL ALKALOIDS OF DATURA FASTUOSA LINNAEUS 
L AND DATURA ALBA NEES FROM THE PHILIPPINES 

By Joaquin M. Maranon 

Of the Department of Rot any , Umversit y of the Philippines 
and of the Bureau of Science , Manila 

ONE TEXT FIGURE 

In a recent paper on the pharmacognostical means for the 
identification of Datura fastuosa Linnaeus and D. alba Nees, 
constituting the only representatives of Datura found in the 
Philippines, Santos(18) has quoted the medicinal and poisonous 
properties attributed to them by other investigators. No quan¬ 
titative chemical analysis, however, of the alkaloidal principle 
in D. fastuona as grown locally has been reported since Bacon (2) 
and Brill (3) used the white-flowered Datura , which is the com¬ 
mon one growing wild throughout the Philippines and found in 
waste places in and around Manila. Considering the fact that 
these two species of Datura are widely distributed in neighboring 
countries, the writer believes that it would be of interest to un¬ 
dertake a comparative study of the amount of total alkaloids 
in the different parts of these two plants when cultivated under 
conditions approximately identical. 

The active constituents of the plants under the genus Datura 
belong to the so-called “solanaceous alkaloids/' which are chiefly 
characterized by their mydriatic action. According to Henry (10) 
this type of alkaloids includes the following: 

1. Atropine and 2. Hyoscyamine, C.JLO.N. 

3. Nor-hyoscyamine, C 17 II 21 0.,N. 

4. Meteloidine, C, ; ,H 21 0 4 N. 

5. Scopolamine (hyoscinc), C 17 H 21 0 4 N. 

(>. Apoatropine and 7. Belladonnine, G^H^CLN. 

8. Pseudo-hyoscyamine, C 17 II, n O n N. 

9. Tropacocaine, C ]r H lf< 0 2 N. 

In the species of Datura so far investigated, Browne,(4) 
Hesse,(it) Kircher,(i3) Andrews,(l) Pyman and Reynolds,(16) 
Feldhaus,(8) Carr and Reynold,(5) and others have found the 
first five alkaloids above mentioned. The occurrence of more 
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than traces of atropine in solanaceous plants, however, is ques¬ 
tioned by IIenry.no) who contends that probably it may be the 
resultant product of the isomerization of hyoscyamine by the 
agents used during the process of extraction. 

Hesse. m> who investigated the Chinese species of Datura 
alba, states that the flowers contain scopolamine, hyoscyamine, 
and atropine; while Andrews(l) and Schmidt,(t'H who analyzed 
D. met el, which I believe is identical with the Philippine white- 
flowered Datura, have obtained only scopolamine and hyos¬ 
cyamine from samples of leaves and seeds. Bacon, (2) on the 
other hand, working on D. fastuosa Linmeus var. alba Clarke 
from the Philippines ( D . alba Nees), found the same active con¬ 
stituents detected by Hesse,(n) as indicated above. 

With respect to D. fastuosa Linmeus, so far the only report 
is that of Andrews,(l) who examined chemically D. fastuosa 
var. niger from Assam, India. He claims that the twigs and 
the leaves contain scopolamine and hyoscyamine, while the 
roots and the fruits contain only scopolamine. 

EXPERIMENTAL 

Preparation of samples. —The material for this investigation 
was obtained from the plants cultivated in the botanical garden 
of the University of the Philippines. Samples of leaves, flowers, 
fruits, stems, and roots were collected at intervals during 1927 
in order that any variation of the alkaloidal content traceable 
to the different stages of growth could be detected. In the case 
of the fruits, the seeds were separated from the corresponding 
pericarp and other inner parts of the fruit. It was found that 
the color and the hardness of the seeds offer a fairly good basis 
for determining the various stages of maturity of the fruit. 
The different samples of fruits selected are therefore charac¬ 
terized as follows: 

1. Vcrij young fruit.— This represents the very early stage 
of the fruit, just after the caducous corolla has fallen off where 
the seeds are soft and whitish. 

2. Young fruit. —An immature fruit with yellowish white 
seeds which can easily be crushed between the fingers. The color 
is very prominent along the border of the seed. 

•h Pairly mature fruit. —This stage is characterized by having 
seeds that are yellow in the center and brownish around the 
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edges. The seed coat is well developed and can be punctured 
by the needle with difficulty. 

4. Mature fruit .—The mature fruits are distinguished from 
the younger ones by having seeds that are yellowish brown, 
somewhat shriveled and hard. The pericarp is rather soft, 
spongy in texture, and easily disintegrated. 

All the samples of the various parts of the plant were air-dried 
and reduced to line powder. Moisture determination for each 
sample was then carried out in order to express the percentage 
of total alkaloid based on moisture-free samples. 

Methods of analysis. —There are several methods that can be 
used for the quantitative determination of the solanaceous al¬ 
kaloids. Consequently, preliminary experiments were performed 
to compare the methods proposed by Keller as modified by 
Schmidt,(12) Dunstan and Ransom,(7) and Andrews ;U) these 
three being selected because they have been employed by many 
investigators. 

Table 1 shows that Keller’s method modified by Schmidt gives 
lower results than the two other methods. This difference may 
be due to the fact that in Keller’s method as modified by Schmidt 
the percentage of alkaloids is expressed in terms of a single 
alkaloid since the determination is volumetric. This has its 
drawback when the sample contains more than one alkaloid. 
As Andrews’s method is applicable to all samples irrespective of 
their source, it, was adopted except that continuous percolation 
with hot alcohol was used in order to shorten the time consumed 
for the extraction. As a whole, the method used is as follows: 

A 15- to 20-gram sample is placed in a Soxhlet extraction appa¬ 
ratus and the percolation with hot alcohol is continued until the 
percolate is colorless and does not leave more than traces of 
solid matter. The alcoholic extract is distilled under diminished 
pressure until nearly all the solvent is recovered. The semi¬ 
solid residue is then treated with small quantities of warm water 
and, finally, with very dilute sulphuric acid to insure the com¬ 
plete extraction of the alkaloids. The combined aqueous acid 
liquid is then shaken with ether, made weakly alkaline with di¬ 
lute ammonia, and shaken several times with chloroform to 
remove the alkaloids. The chloroform extract is washed with 
water in the separatory funnel, dried over anhydrous sodium 
sulphate, and then distilled under diminished pressure. The 



The Philippine Journal of Science 


1928 


254 


total crude alkaloids thus obtained are dissolved in a small excess 
of very dilute sulphuric acid, and the acid solution is shaken with 
ether to remove traces of coloring matter and other impurities 
soluble in ether. This acidified aqueous liquid is then rendered 
slightly alkaline with dilute ammonia, and the alkaloids are ex¬ 
tracted repeatedly, first by shaking with ether and then with 
chloroform. Both the ether and the chloroform extracts are 
washed with a little water, dried over fused anhydrous sodium 
sulphate, and after recovery of the solvents, the two fractions 
of alkaloids are dried in a vacuum desiccator and weighed. The 
combined weights of the two extracts give the “total alkaloids” 
contained in the sample. 


Table 1. —Comparison of analytical results for total alkaloids from the 
seeds of Datura alba Nees. 



Total alkaloids. 


1 Sample 1. 

Sample 2. 

Mean. 

1 Per rent. 

Per rati. 

Per rent. 

! 0.354 

0.358 

0 356 ! 

0.373 

0.370 

0.372 

0 375 

. 

0.372 

0.374 


RESULTS 

In Table 2, which represents the results of the investigation 
for the two plants, the various stages of the seeds and the peri¬ 
carp correspond to the different ages of the fruit already de¬ 
scribed. The amount of alkaloids found in the pericarp also 
includes that from other inner parts of the fruit. Therefore, 
the total alkaloids present in a given stage of the fruit are 
computed by adding the percentages obtained from the seeds 
and the pericarp. 

Leaves. —The leaves of Datura fastuo so contain slightly more 
alkaloids than those of Datura alba. In both plants the young 
loaves have a higher alkaloidal content than either the full-grown 
or the senescent leaves. 

Flow era. —The results obtained from the flowers run parallel 
with those from the leaves, the young flower buds containing 
more alkaloids than either the unopened or the mature flowers; 
the flowers of Datura alba , however, contain more than those of 
Datura fastuosa. 

Seeds.- -As was to be expected, the mature seeds contain more 
alkaloids than the immature ones. This is true in both plants, 
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but as a whole the seeds of Datura fastuosa, except the very 
young ones, are higher in alkaloidal content than those of Datura 
alba. 

Pericarp .—The results indicate that the pericarp of the 
very young fruit has more alkaloids than that of the other stages 
of the fruit analyzed. This is just the reverse of the condition 
found in the seed, for the high alkaloidal content of the mature 
seed is accompanied by the low percentage of the alkaloid in 
the corresponding pericarp, while the low percentage of total 
alkaloids in the very young seed is balanced by the high alka¬ 
loidal value of the very young pericarp. The pericarp of the 
fruit of Datura fastuosa yields more alkaloids than that of Da¬ 
tura alba. 

Fruit .—The fruits of Datura fastuosa have a higher percent¬ 
age of total alkaloids than the fruits of Datura alba. In both 
species, the very young and the mature fruits contain more al¬ 
kaloids than the nearly mature fruits. 

Stem and root .—There is only a very slight difference of total 
alkaloids found in the stems of Datura fastuosa and in those of 
Datura alba. However, the root of Datura fastuosa contains 
more alkaloids than that of Datura alba. 

DISCUSSION OF RESULTS 

The quantitative results, Table 2, show that the leaves, the 
seeds, the fruits, and the roots of Datura fastuosa have more 
alkaloids than the corresponding parts of Datura alba, while 
the flowers of the latter exhibit higher alkaloidal value than 
those of the former. The high percentage of alkaloids in the 
pericarp of the young fruit accompanied by the low amount of 
alkaloids in seeds of the same age, and the reverse condition in 
the mature fruit and seeds, indicates that during maturation of 
the fruit there is a migration of alkaloids from the pericarp to 
the seeds. There is only a very slight difference found in the 
alkaloidal content of the stems of the two species. When these 
results are compared with those of Table 3, it appears that the 
two species of Datura examined compare very favorably with 
the same or closely allied species of Datura grown in other coun¬ 
tries. It can also be seen from Table 3 that my results for Da¬ 
tura- alba lie within those obtained by Brill (3) for the same plant. 
The fluctuation of alkaloidal values for any given part of the 
plant as indicated in Brill’s analysis is due to the fact that the 
samples were dried under different conditions since the object 
was to show the effects of drying on the alkaloidal content. 
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Tablk 2 .—Total alkaloids in various parts of Datura J 

and D. alba Nees. 

fastuosa Linnseus 

; DATURA FA STUDS A. 



| 

F:trt of plant. 

Sample 1. 

Sample 2. 

Meun. | 


Par cent. 

Per rent. 

Per cent. ■ 

Young leaves - -- - 

0.38b 

0.391 

0.388 ! 

Full-grown leaves _ ___ 

0.221 

0.222 

0.221 ; 

Senescent leaves_ _ _ 

0.212 

0.209 

0.210 j 

Young flower buds - - - - .-- -.-- 

0.522 

0.620 

0.521 | 

Unopened flowers ..... ■ -. .— 

0.441 

0.440 

0.440 

Mature flowers.. -. ... ...- - 

0.285 

0.282 

0.283 

Very young seeds - - - - 

0.224 

0.225 

0.224 , 

Young seeds.. . . .. . 

0.304 

0.312 

0.308 

Nearly mature seeds - -- - — 

0.400 

0.401 

0.400 

Mature seeds_ . - - - 

0.453 

0. 433 

0.443 | 

Very young pericarp_ __ _ _ 

0. 400 

0.415 

0.410 i 

Young pericarp - --. . - 1 

0.238 

.. 

0 238 

Nearly mature pericarp.. .. . 

0.230 

0 235 

0.235 ; 

Mature pericarp .. . - 

0.223 

0 220 

0.221 

Very young fruit - - 

0.030 

0 010 

0.035 I 

Young fruit... ... 

0. 542 

0. 550 

0. 510 

Nearly mature fruit.. ....... . . .. 

0. r»3t> 

0.030 

0.030 | 

Mature fruit. ... . . -- ... 

0 670 

0.059 

0.667 | 

Young stem _ — 

0 21V 

0 220 

0 218 ! 

Old stem . ... . 

0 130 

0 134 

0 135 ! 

Root. .. . 

0 252 

0.2U 

0.248 | 

DATURA ALBA. 



i 

_. .1 

Young leaves _ ....... . . - - 

0.3 45 

! 0.340 

| 0.342 | 

Full-grown leaves_ _ 

0.191 

0. 190 

i 0.190 ; 

Senescent leaves_ _ 

0 183 

0. 180 

| 0.182 i 

Young flowers buds.. .. .. . _ 

' 0 000 

0. 001 

i 0.000 j 

Unopened flowers.._. _ _ 

0 513 

0 512 

; 0.512 

Mature flowers... . . . . 

0 100 

0. 102 

0.101 

Very young seeds _ 

' 0 225 

0.229 

1 0.227 

Young seeds.. . . . 

0.250 

0. 252 

j 0.251 

j Nearly mature Reeds . ... 

0.369 

0.370 

| 0.309 | 

! Mature seeds .. .. _ .. . 

0. 392 

0. 391 

0.393 | 

1 i- 

1 \ ery young pericarp. . ... _ _ 

0.317 

0 347 

0.317 | 

Young pericarp ... 

0 130 

*131 

0. 132 j 

Nearly mature pericarp 

1 0 070 

0.077 

o 070 ; 

J Mature pericarp _ . . . 

0.001 

' 0.066 

0.003 ; 

j Very young fruit ... . . 

j 0.572 

0 . 570 

0.571 ! 

1 Young fruit _ __ _. _ . _ 

j 0.380 

0.382 

0.381 * 

! Nearly mature fruit . . _. . _ _ 

i 0.115 

0.447 

0.446 1 

' Mature fruit . 

j 0 153 

o too 

0.456 I 

Young stem _ _ . _ 

j 0 217 

0.215 

0.210 

Old st em 

0 151 

0.150 

0. 153 

Root . 

1 _ ... ____ 

• 0.139 

, o no 

0. 139 
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Leaves 

Flowers 

Seeds 

L-l L-2 L-3 

F-l F-2 F-3 

S-l S-2 S-3 S-4- 


s- 


S'2 j/oung 
5~3 Nearly 
3 "4 Maturel 


ung seeds 
beeds 
mature! 


seeds 


Youngjflowep buds 
Unopened flov^ps 
Mature f lowers _ 



Fid. 


Percentage of total alkaloids in some i»arts of Datura faufutnsa ami Datura alba. 


Table 3.- Alkaloidal content of Datura fantuosa , Datura alba , and Datura 
motel " as reported by other incestujators. 


Species of Datura. i 

Part of plant. 

Total alkaloids. 

Investigator. i 

i 

j 


i 

I /Vr cent. 


Datura /md uo.hu var. tiifjer, J 

| Fruits. _ 

; 0.202 

\. E. Andrews. (1) ! 

from India. j 

Leaves and branches. 

0 1 10 

i 


1 Knots . . 

0 101 


Datura fast liana var. //or. all). . 

Seeds 

0.223 

E. Schmidt. (191 ' 

[>len. 

[Leaves. .. . 

0.25 0.55 

1 

A. Kireher. (13) j 

Datura metcl . . | 

| Fruits 

0. 12 

A. F. Andrews. (1) j 


[Seeds 

0.23 0.50 



1 Knots.. .. _. 

0.10 0.22 


Ihttura faatuoHu Linn. var. 

1 Leaves. _ 

0 210 

R. F. Bacon. (2) 1 

alba Clarke, from the Phil i 

■Seeds . 

0. 405 


ippincs. 

1 Wood und roots 

0. 170 



Green leaves . 

0.210 0.100 

H. C. Brill. (3) j 


Stems . . 

0.208 0 1 10 

1 


Flowers . . .. ._ 

0.205 0.480 

! 


Immature seeds 

0.248 


Datura alba Nee a, from the 

Mature seeds 

0 303-0 580 


Philippines. 

Immature fruit 

0 131 0 -100 



Nearly mature fruit . 

0 335 



Mature fruit. _ 

0. 175 0 380 



Immature pods 

0.081 , 



Mat ure pods. . 

0.070 0.327 

F. Browne. (1) | 

Datura alba, from China .. 

Flowers . . _ 

0 .-185-0. 550 ; 

O. Hesse. (11) I 


a Datura metcl is included in this table since it is closely allied to, if not the same as. 
Dal urn alba Noes. 
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The consistent parallel variation observed in Datura fastuosa 
and Datura alba with respect to the alkaloidal constituent of 
their different parts varying in age, as shown in fig. 1, may have 
another significance on the mode of formation of alkaloids in 
plants. Thus, the presence of exceedingly high total alkaloids in 
the early stage of development of the leaves, the flowers, and 
the fruits suggests that alkaloidal synthesis in plants is undoubt¬ 
edly related to the amount of nutrient materials present in the 
parts of the plant at different physiological periods; for taking 
into account the interrelationship of growth and vital activity, 
it seems very probable that the nature and the excess of food 
materials in different tissues and organs of the plant are in¬ 
fluenced by the intensity of growth in the parts concerned. In 
this connection Gustafson's paper00 concerning growth studies 
on fruits is of interest. It is, therefore, significant to note that at 
first glance the low percentage of total alkaloids in the leaves, 
the flowers, and the stems at their maturity seems to be not in 
accord with Pictet’s hypothesis(15) on the formation of alkaloids 
containing a pyrrol ring or a pyridine nucleus. According to 
this theory, the mother substances of alkaloids arc the nitroge¬ 
nous decomposition products of more-complex substances, such 
as proteins and chlorophyll, as a result of metabolic processes. 
From this point of view, we should expect to find the reversed 
condition where the leaves, the flowers, and the fruits in their 
early stage of growth should have a much lower alkaloidal con¬ 
tent than the mature ones. The writer’s findings (M) on the 
nitrogen partition of the leaves of Oenothera p rutin cola , in con¬ 
nection with the problem on disease resistance, is directly con¬ 
cerned in this matter. It was found that in the leaves of Oeno¬ 
thera prat incola where there is chlorophyll degradation, the pro¬ 
portion of simpler nitrogenous compounds, like amino acids, 
acid amides, and ammonia, to the total nitrogen is higher than 
in full-grown leaves where chlorophyll degeneration is not ob¬ 
served. This is in keeping with the observation that protein 
synthesis in the leaves decreases in the autumn due to the 
degradation of the chloroplasts.(20) On the other hand, it is 
possible to reconcile the results obtained from the two Datura 
plants with Pictet’s hyphothesis if we recall that Combes,(6) 
Rippol,(i7) and others have confirmed the autumnal evacuation 
of nitrogen from the leaves to the branches. It may be then 
that the low alkaloidal content of the leaves and other parts 
when they are old is due to a considerable reduction of nitroge- 
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nous substances available for alkaloidal synthesis. As a whole 
this only means that purposeful experiments in this direction 
would yield results of lasting value in rendering possible a 
clear understanding of the physiological conditions governing 
the formation of alkaloids in plants. 

SUMMARY AND CONCLUSIONS 

1. This is a comparative study of the total alkaloids in various 
parts of Datura fastuosa Linnaeus and Datum alba Nees from 
the Philippines. Incidentally, it also touches upon the variation 
of the alkaloidal content of the plant as exhibited by its various 
parts at different stages of growth. 

2. Samples representing different ages of the leaves, the 
flowers, the fruits, and the stems were collected from plants 
of the two species of Datura grown side by side in the botanical 
garden of the University of the Philippines. 

3. Datura fastuosa Linnaeus contains more alkaloids in its 
leaves, seeds, fruits, and roots than does Datura alba Nees; 
the flowers of the latter have a higher percentage of total alka¬ 
loids than do those of the former. 

4. As the fruit ripens there is a migration of alkaloids from 
the pericarp to the seeds. 

5. In alkaloidal constituent Datura fastuosa Linnaeus and 
Datura alba Nees from the Philippines compare very favorably 
with the same plants or closely allied species found in neighbor¬ 
ing countries. 

6. With the exception of the seeds, the young portions of 
the different parts of the plant yield more alkaloid than the cor¬ 
responding mature portions. 

7. The possible relation of the nutrient materials in the tissues 
and the organs of the plant at different physiological periods 
to the alkaloidal synthesis in plants is presented. 
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AN ASPIIALTITE FROM THE PHILIPPINE ISLANDS 

By Edwin T. Hodge 
Of the University of Oregon , Eugene 

During an investigation of the solid natural bitumens in Ore¬ 
gon 1 a specimen from the Philippine Islands was analyzed with 
results that furnish additional data upon this material, making 
possible the determination of its specific character, the material 
from which it was derived, and its origin. The samples studied 
were collected and its occurrence described ’ by Wallace E. Pratt, 
from the southwest slope of Mount Benao at the north end of 
Leyte Island. 

The Leyte asphalt has been previously studied by Nelson 3 who 
summarizes his results as follows: 

The natural solid bitumens occurring in Leyte Province have been classed 
as “pure bitumen” and bitumen-impregnated rock, and have been studied 
from a chemical and physical standpoint showing: 

1. That Leyte pure bitumen differs from other mineralogical deposits 
of bitumens, such as ozocerite, montan wax, hatehettite, and schecrerite, 
but is related to ozocerite. It is suggested that the pure bitumen of Leyte 
be termed leyteite. 

2. That the chemical and physical properties of the bitumen found in 
th*> impregnated rock differ from those of the pure bitumen. 

That the mineral aggregate of the bitumen-impregnated rock is prin¬ 
cipally limestone. 

4. That the bitumen-impregnated rock would be suitable paving mate¬ 
rial, both in its natural state and after the introduction of fillers and 
fluxes. 

CHEMICAL AND PHYSICAL PROPERTIES 

The material occurs in large pure specimens. It is jet black, 
has conchoida] fracture and brilliant luster, and displays on 
paper and porcelain a dark brown streak. It is very brittle, so 
much so that when tested between the teeth it breaks up contin¬ 
uously into a fine black powder no fragments of which are 
maleable. When tested with a steel needle for penetration any 
pressure sufficient to mark it chips out small conchoidally frac¬ 
tured flakes. 

1 Hodge, E. T. f Bull. Am. Assn. Petroleum Geologists 11 (April, 1927) 
No. 4. 

3 Philip. Journ. Sci. § A 10 (1915) 241. 

8 Philip. Journ. Sci. 22 (1923) G17. 
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Table 1 .—Analyses of grahamite$ and manjaks. 
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Fragments observed under the microscope are gray. When 
rubbed they are positively electrified; heated, they decrepitate, 
give off a gray gas with a faint petroleum odor, and small pieces 
finally melt down to a brilliant black fixed carbon. This button 
heated in a Bunsen flame intumesces and forms a gray bubble- 
filled slag. When heated in a crucible in a candle flame a sticky 
viscous liquid is obtained, which can be drawn out into long 
threads but does not stick to cold paper. The material melts 
at 360° C. to a jet black liquid, accompanied by a slight swelling 
and the production of* a gray gas with a faint petroleum odor. 
Tested for fixed carbon and ash the material decrepitates and 
emits a gray gas with faint streaks of brown and a petroleum 
odor. Later the gas gets browner and has a faint ammonia smell. 
Finally only a gray gas is given off. The material docs not 
melt. down. It produces a brownish volatile stain of oil on the 
sides of the crucible. Fixed carbon is 55 per cent; greenish gray 
vesicular slag is 47.5 per cent. 

Table 1 gives the properties of grahamite and manjak as 
tested and defined by many authorities. 4 * * * * 9 In this table these anal¬ 
yses are compared with an analysis of grahamite from Oregon * 
and with the analyses of Philippine material. A comparison of 
these analyses with those of other native asphalts shows no 
similarity, and the comparison in this paper is, therefore, only 
with manjak and grahamite and with uintahite. 

Richardson says that uintahite is derived from a nonparaffin 
oil and is not soluble in paraffin residues. The very small per¬ 
centage of paraffin scales and the low solubility in benzine and, 
especially, in petroleum ether suggest that this sample has cer¬ 
tain uintahite qualities. However, uintahite never has over 
2 per cent, of carbenes, and this sample contains 87.5 per cent. 
Grahamite, however, does not meet the above objection though 
it should not contain any paraffin scale. Grahamite in all re- 


4 Herbert Abraham, Asphalts and Allied Substances. New York, D. Van 
Nostrancl Co. (1918).—Arthur Danby, Natural Rock Asphalts and Bitu¬ 
mens. London, Constable, Ltd. (1913) • G. II. Kldridge, The asphalt and 
bituminous rock deposits of the United States, U. S. Geol. Surv. Ann. 

Kept.., Part 1 (1901) 22; The asphalt and bituminous rock deposits of the 

U. S., Bull. U. S. Geol. Surv. 213 (1902) 290-305; Formation of asphalt, 
veins, Leon. Geol. 1 (1906) 437-111.—Sidney D. Kirkpatrick, Marketing 
the natural hydrocarbons, Eng. and Min. Journ. Press (February, 1925) 

329.-—Sir Boverton Redwood, Treatise on Petroleum. London, G. Griffin & 

Co. 1 (1922) 337.— Wilfred W. Scott, Standard Methods of Chemical Ana¬ 
lysis. New York, D. Van Nostrand Co. (1917). 

9 Hodge, loe. cit. 
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ported samples never has a specific gravity below 1.14. In 
color, luster, streak, and fracture our Philippine sample is iden¬ 
tical with grahamite. The high fixed carbon and, according to 
Richardson, the fact that grahamite may be derived from paraf¬ 
fin-base oils further favors this conclusion. In Table 1 the 
Philippine material is shown to agree with grahamite in all 
respects except specific gravity, melting point, and solubility 
in carbon tetrachloride (0C1,). Thus it agrees more closely 
with grahamite than with uintahite. Alanjak is closely related 
to grahamite, and in part agrees with the Philippine sample, 
especially in specific gravity. The Philippine material lies be¬ 
tween manjak and grahamite (see Table 2). Further evidence 
in support of this conclusion is given below. 


TABLE 2. — To show that the Philippine sample is between tmmjnk and 

grahamite . 
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The material analyzed by the author (sample d of Table 1) 
is the same as that reported by Pratt “ (sample s). The sample 
was collected by Pratt and brought to the University of Oregon 
by Warren I>. Smith, one time chief of the division of mines, 
Philippine Bureau of Science. The two analyses agree in all 
fundamental respects, indicating a high percentage of accuracy 
in both. Thus the fact that the sample of the first analysis intu- 
rnesces suggests that it does not soften at 150 7 C. and that the 
volatile elements, if measured, would have been very low. The 
55 per cent of the author's analysis approaches the average of 
20 to 02 per cent of fixed carbons in Pratt’s analysis. The dis¬ 
cussion, therefore, in this paper will be based upon the latest 
analysis; that is, the author’s. 

GENESIS 

The additional data herein presented confirm some and are at 
variance with other conclusions reached in Pratt’s paper. 


' I.oc. cit. 
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Thus the high percentage of carbenes 7 confirms the view that 
the asphalts have been metamorphosed by heat. Pratt 8 says: 

It is believed that the intrusions have been instrumental in driving 
the petroleum upward through the surrounding rocks. One of the ob¬ 
served petroleum seeps is on the contact of an apparently intrusive holo- 
crystallino rock in the Vigo shale. All the petroleum and solid bitumen 
occurrences are near intrusions, and viscous or semiliquid bitumen is found 
in concretions and brecciatcd concretionlike bodies, the origin of which may 
reasonably be attributed to solutions given off by buried intrusions. 

In this respect the asphalts of the Philippines are similar 
to those in Oregon and dissimilar to many occurrences in other 
parts of the world. 

The low specific gravity and the presence of paraffin scales of 
the material lead Prattto state— 

The Leyte natural bitumens are derived from a paraffin base petroleum. 
This fact at once distinguishes them from asphalt, as most commonly 
defined, which is derived either naturally or artificially from petroleum 
with an asphaltic base. The natural bitumen . . . was classified at the 
time of its discovery as gilsonite (or uintahito, another name for the same 
mineral) . . . Its specific gravity and its hardness are both less than 
the corresponding figures for gilsonite. Moreover, gilsonite, according to 
Richardson, ... is derived from a nonparaffin oil and is not soluble in 
parallin residues. All the Leyte bitumens are paraffin-bearing and are, 
therefore, not gilsonite according to Richardson. . . . 

Grahamite, another natural bitumen, has something of the physical 
appearance. . . . But grahamite is heavier than any of the Leyte bitu¬ 
mens and has a higher proportion of fixed carbon. 

Ozocerite is defined as a native paraffin, the physical appearance of 
which varies. Its color may be the same as that of some of the Leyte 
bitumens, its specific gravity is somewhat less, and it probably contains 
a higher average proportion of paraffin. 

The difficulties stated above in attempting to determine the 
character of the Leyte material may be solved by a study of 
the new analysis. A low specific gravity in natural bitumen 
is usually accompanied by a decrease in ash and an increase 
in petroleums." 1 The ash in the Leyte sample, however, is rather 
high, which assuming the sample to be pure and free of con¬ 
taminated mineral fragments is due to oxidized hydrocarbons. 
The high ash, therefore, might be explained by its long surface 


7 The term “carbene’’ is employed for those constituents soluble in car¬ 
bon bisulphide but not soluble in carbon tetrachloride. Carbenes are es¬ 
pecially common in grahamite*, native asphalts, and asphaltites. 

8 Philip. Journ. Sci. § A 10 (1915) 253. 

"Op. cit. 2f>3. 

Petrolenos are the volatile hydrocarbons of petroleum ether, ethyl 
ether, or acetone. 
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exposure in a tropical country expedited by the heat of adjacent 
igneous intrusions. 

The next question now becomes, What material has been oxi¬ 
dized to produce the high ash? We note that the low specific 
gravity is not accompanied by high petrolenes. These are close 
to the minimum for grahamite and very low for manjak. If 
the original components had undergone much inspissation or 
molecular condensation there should be more than 5 per cent of 
petrolenes present. The low petrolenes might be interpreted 
to indicate that the original material was rich in grahamite and 
low in manjak. This conclusion is not in harmony with other 
evidence. It were better to decide that the compounds giving 
rise to the high ash were not those rich in petrolenes but asphal¬ 
tenes 11 which constitute 100 per cent. The high fusibility 
shows that these asphaltenes have been altered. Here we have* 
an explanation of the high ash. 

The Leyte specimen is apparently a substance that has been 
oxidized by exposure and metamorphosed by heat without any 
great molecular condensation of the petrolenes or asphaltenes, 
because the material is insoluble in carbon bisulphide. The 
percentage of fixed carbon plus ash, which is very high for most 
grahamites or manjaks, is not due to pyrobitumens or asphaltic 
pyrobitumens. 

All possible sources of the high ash and fixed carbon have now 
been considered, leaving only oxidation and thermal metamor¬ 
phism as a possible explanation. The material has been altered 
in such a way as not to increase the specific gravity, but greatly 
to increase the melting point and the percentage of fixed carbon. 
The process may have been favored by the slow seepage of the 
Leyte asphalts to the surface. 

Richardson states than when crude petroleum, which contains 
a high percentage of hydrogen, and therefore simple hydrocar¬ 
bons, is subjected to heat and pressure under favorable condi¬ 
tions, a large volume of gaseous hydrogen is eliminated, result¬ 
ing in the conversion of the hydrocarbons into compounds more 
complex both chemically and physically. Colloidal clay acceler¬ 
ates the process by acting as a catalyzer. The petroleum is 
converted into asphalt by emulsification with clay, sand, and 
water by means of natural gas at high pressure. Nutting r: 
has found that petroleum and water are slightly soluble in each 

u Asphaltenes (Danby) or malthcnes (Richardson) are those parts dis¬ 
solved by boiling turpentine or chloroform. 

*" Nutting, P. <t., Kcon. Geol. 21 (192(1) 234-212. 



270 


The Philippine Journal of Science 


1928 


other and both are strongly absorbed by silica. In the presence 
of this catalyzer the oil in the presence of water will not only 
bo driven out of sands but will undergo a chemical change. 
This change may result in conversion into compounds of high 
fusibility but of low specific gravity. As the results of studies 
of the famous pitch lake in Trinidad, British West Indies, he 
concludes that the petroleum is converted into asphalt by emul¬ 
sification with clay, sand, and water by means of natural gas at 
high pressure. Maltha and other soft asphalts, hard asphalt, 
the asphaltit.es (gilsonite and grahamitc), the asphaltic pyro- 
bitumens (elateritc and wurtzilite), and asphaltic pyrobitumi- 
nous shales are probably successive stages in the metamor¬ 
phosis of asphaltic petroleum. If the petroleum is of paraffin 
base, ozokerite and other mineral waxes are sometimes formed. 

Finally, the evidence does not point to a paraffin-base oil as 
the source of the material. Richardson says that grahamite is 
due to a condensation of paraffin oils and so differs from uintahite 
and manjak, which are formed by unsaturated hydrocarbons. 
The formation of asphalt, related bitumens, and pyrobitumens 
presupposes the existence of petroleum containing asphaltic hy¬ 
drocarbons, and that of ozokerite presupposes the existence of 
paraffinaceous petroleum. 13 

Pratt found ‘>.89 per cent of paraffin in the Leyte material. 
This small amount is in agreement with the 5 per cent of potro- 
lenes. Both these facts indicate that some grahamite is present 
but only in a small amount, perhaps to 10 per cent. In the main 
the material is manjak. Since the time of the Pratt paper our 
views have changed regarding the bases of petroleum. Thus, at 
present, an asphaltic base means a large amount of sulphur, and 
a paraffin base a low percentage of sulphur. In this paper 
“asphaltic” is used in the sense of being rich in cyclic compounds. 

OTHER OCCURRENCES 

(trahamites and manjaks are widely distributed. Grahamite 
has been found to be more widely distributed in the United 
States than most of the natural asphaltic hydrocarbons, notably 
in Richie County, West Virginia, and Payette and Stephens 
Counties, Oklahoma. The largest known vein, 19 to 25 feet 
wide and more than a mile long, is in Jackford Valley, near Tus- 
kahoma, Oklahoma. Unlike uintahite, it is found in several for¬ 
eign countries; the deposits in Cuba, Mexico, and Trinidad 
Island are the most important. Other occurrences are in Utah, 


Mineral Resources of the U. S. pt. 2 (1918) 467. 
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Colorado, and Oregon. The grahamite vein in West Virginia oc¬ 
cupies a vertical fissure in the Waynesburg sandstone and ad¬ 
joining beds above and below, all in the upper Carboniferous. 14 

The grahamite of Middle Park, Colorado, occurs in a vein 
that is considered to have been filled with liquid or viscous 
bitumen derived from adjacent or nearby strata. 

Grahamite characteristically contains a large proportion of 
inorganic impurities. Ladoo ir> says that “the Oklahoma deposit 
has been worked extensively and many thousand tons removed.” 
Grahamite finds its chief use in the roofing industry, since when 
mixed with asphaltic fluxes it forms a rubbery, elastic covering 
very satisfactory for this purpose. With other bitumens it 
yields varnishes, rubber substitute for waterproofing, and com¬ 
pounding materials for electrical insulation. No commercial pro¬ 
duction of grahamite has been reported since 1924. 1,5 

Manjak 17 is a term that originated on Barbados Island, where 
it was applied to a high-grade black bitumen, which breaks with 
a conchoidal fracture, exposing a bright, lustrous surface. Bar¬ 
bados manjak has a specific gravity of 1.10, a hardness of 2, 
and a fusion point of 320 to 430 F. It contains a varying 
amount of mineral matter and about 90 per cent of carbon, of 
which 25 to 30 per cent is fixed carbon. The essential character¬ 
istics of Barbados manjak are given in Table 3. Trinidad man- 
jak differs principally from the Barbados in that it has a higher 
specific gravity (1.175) and a lower total carbon content. Both 
are exported to the United States, but the Barbados variety 
commands a much higher price. The following paragraphs and 
Table 3 are from Kirkpatrick’s article, cited above. 

Manjak finds its principal application in paints and varnishes, in which 
it is usually mixed with mineral oils. These art* used as protective cov¬ 
ering's on pipe lint's, structural steel work, and machinery. An interesting 
application of some promise is as a pipe cement and packing at the joints 
of rotary drill pipe, especially in the oil fields. 

According to recent quotations (January, 1025) Barbados manjak in 
one to five-ton lots sold in New York for the following prices: Grade A, 
Gc. per pound; Grade A A, line He. per pound; and Grade C, lump, 12c. 
per pound. 

w Reports of Department of Interior, Geological Survey, House Docu¬ 
ments 28: 228-229; 327-328. 

™ U. S. Bur. Mines, Report of Investigations (May, 1020). 

" Hopkins, G. R., Asphalt and Related Bitumens in 1920, Dept, of Com¬ 
merce, Bureau of Mines publication. 

17 Kirkpatrick, S. D., Engineering and Mining Journal-Press 119 (1025) 

331. 
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Table ‘J. — Characteristics of Barbados manjak. 


I Total carbonaceous matter 
I Mineral mat ter ( ashj 

Volatile matter on ignition 
I Fixed carbon on ignition 
! Solubility in petroleum ether 

Solubility in 90 per cent benzol . . _ 

Solubility in carbon disulphite_ 

Specific gravity _ 

Softening point ( Kraeiner and Sarnow) 
Melting point (Kraeiner and Sarnow) 
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THE BUMBLEBEES OF THE PHILIPPINE ISLANDS 
(BREMIPLE: IIYMENOPTERA) 

Hy Theodore II. Frison 
Of the Illinois Natural History Surrey , Vrbana 

ONE PLATE 

In 1925, in the Philippine Journal of Science, I published a 
paper on the bumblebees of the Philippine Islands giving a sum¬ 
mary of the systematic knowledge of the species and varieties 
and certain other information. The accumulation of additional 
material and exact information regarding the structural char¬ 
acters of the type (worker) of Bremits irisanensis (Cockerell) 
makes the publication of some supplementary notes and new 
keys highly desirable. 

For additional material I am greatly indebted to Dr. H. 
Iledicke, of Berlin, Germany, who gratiously sent me specimens 
of this genus from the Philippine Islands (including the male 
type of B . imiiyanensis Hedicke) from his collection. Several 
specimens were submitted, also, by the Hawaiian Sugar Planters' 
Association. To T)r. James Watorston, of the British Museum, 
and Mr. O. W. Richards, of Oxford, England, I am much indebt¬ 
ed for critical notes regarding the structural characters of the 
w T orker type of Z>. irisanensis (Cockerell) and for comparing 
with the type two specimens submitted to them. 

For the sake of convenience and clarity I have arranged my 
remarks in this paper under the following headings: Synonymy, 
descriptions, keys to species and castes, tabulation of descrip¬ 
tions, and bibliography. 


SYNONYMY 

BRKMCS (HORTOBOMBUS) IRISANENSIS (Cockerell). 

Bombs8 irisanensis Cockerell, Ann. Mag. Nat. Hist. VIII 5 (11)10) 
416, 2 . 

Bomb us irisanensis Cockerell, Philip. Journ. Sri. 14 (1010) 81. 
Uranus irisauensis PRISON, Philip. Journ. Sri. 27 1025) 110, 9 

[ - 9 not ?J. 

Bremus h'isanensis Hedicke, Deutsch. Ent. Zeitschr. (1026) 421, 9, 
2, and <$. 

27 :: 
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The study of additional material soon after the appearance 
of my first paper (1925) on the bumblebees of the Philippine 
Islands revealed that two species of these large social bees were 
masquerading as a single species under the guise of similar 
colors and a similar color pattern. This was evident, likewise, 
from the illuminating remarks published by Iledicke in a recent 
paper (1926). Correspondence with Doctor Iledicke and the 
study of his specimens removed all doubt about the matter but 
did not definitely establish which of the two species was en¬ 
titled to the name of irisancnsis (Cockerell). 

As mentioned in the introduction of this paper, Doctor Wa- 
terston and Mr. Richards, of England, very kindly answered 
certain questions for me regarding the structural characters of 
the worker type of B. irimnemis (Cockerell). It is evident 
from their report that the type of B. irisanensin has a long 
malar space and that the metatarsus of the middle leg at its api¬ 
cal outer angle has a sharp spinelike projection. This is conclu¬ 
sive evidence that this species belongs to the section Odonto - 
bombas Kruger. A study of a male of this species establishes, 
also, that it belongs to the subgenus Hortobombus Vogt. 

A study of a male, a queen, and workers of the species studied 
and recorded by Iledicke (1920) has established that his speci¬ 
mens are the true irisanensis as listed by him. Also, the fe¬ 
males redescribed in more detail by myself (1925) are irisanm- 
sis as originally listed. They are, however, workers instead of 
queens. This is evident from a study of a queen submitted by 
Doctor Iledicke, which as he (192G) states measures 27 milli¬ 
meters in length and has a spread of wings of 54 millimeters. 

Since the male and the queen have never been described in 
detail, this is done in another part of this paper. 

OREM US (PRATOBOMBUS) BAGUIONENSIS (Cockerell). 

Hambas irisanensis var. baguianensis C0CKEREI.lt, Philip. Journ. Sci. 16 
(1920) 7. 

Hremus irisanensis var. baguionensis Prison, Philip. Journ. Sci. 27 
(l f .)2. r >) 118, <_?. 

The determination of the sectional and the subgeneric status 
of the true irisanensis (Cockerell) has made it necessary that 
the form described as baguionensis (Cockerell) be recognized 
as a valid species instead of a color variety. Specimens of 
baguianensis in my collection from the locality of the type and 
compared with the worker type by C. F. Baker have been avail¬ 
able for this study, and the results have led to this conclusion. 
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Bremus baguionensis is a smaller species, witth a malar space 
of moderate length, and in the females the metatarsus of the 
middle leg at its apical outer angle does not have a sharp spine¬ 
like projection. The genitalia of the male (Prison, 1925) affords 
final and conclusive proof that baguionensis belongs to the sec¬ 
tion Anodontobombus Kruger and to the subgenus Pratobombus 
Vogt. 

HREMIJH (PKATOUOMBUS) BACUIONKNSIS vur. IMl'UANKNSIS (Iledicke). 

Bombus imuganensis IIedicke, Deutsch. Ent. Zeitschr. (11)26) 422, J. 

Bombtis irisanensis Frison, Philip. Journ. Sci. 17 (11)25) 116, c?. 

The male described as imuganemis by Iledicke (1926) does 
not differ structurally from the male of baguionensis , as evi¬ 
denced by the statement of Iledicke that “stimmt der Kopula- 
tionsapparat vbllig mit Frison’s Abbildung iiberein.” Further¬ 
more, a critical study of the type submitted by Hedicke bears 
out this contention. 

In color imuganensis is essentially like baguionensis , except 
that the dorsum of the thorax is somewhat darker because of 
a slight admixture of dark hairs, and the fifth and sixth dorsal 
abdominal segments are black. Since the typical baguionensis 
has light ochraceous or light ferruginous pubescence on the 
fifth and sixth dorsal abdominal segments, the name imuganensis 
may be preserved as a varietal name for a black-tailed color 
variety of the species baguionensis. 

Females referable to the color variety imuganensis Iledicke 
exist, as proved by the presence of such a female in my collection. 
Since the queen of baguionensis or its variety imuganensis has 
not been described, and many of the structural characters of the 
species were omitted in the original description, more-detailed 
descriptions of them are presented. 

DESCRIPTIONS 

Since the castes of bumblebees (queen, worker, and male) 
often differ in color from one another, as well as always in 
structure in the two sexes, I believe that detailed descriptions 
of them in addition to a detailed description of the type or 
holotype (whatever caste that may be) are advisable. Accord¬ 
ingly, under this heading I present the descriptions of several 
forms that have never been described. The preservation of 
actual single specimens of specimens used in preparing such 
descriptions is highly desirable and is aided by assigning to 
such specimens the frequently used terms “allotype” and “mor- 
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photype.” The term “allotype” is here used to designate the 
first described specimen of opposite sex to the type, whatever 
sex that may be, of a previously known species. The term 
“morphotype” is used for the second form of a dimorphic sex, 
which in the case of the bumblebees is always of the female 
sex (queen or worker). Naturally, here again the designation 
is applied solely to a specimen used in preparing the first descrip¬ 
tion of the undescribed castp. Such designations as allotype 
and morphotype have no nomenclatorial significance unless they 
happen also to be at the same time paratypes. Even if they 
happen to be true paratypes, as is not the case with any of those 
designated in this paper, they have no more nomenclatorial 
significance than any other paratype. 

BREMUS MEARNSI vnr. BAKERI (Cockerell). 

Worker .—Pubescence on head entirely dark. Labrum with 
tuberclelike areas, which are prominent, shagreened on inner 
margins and shiny on outer margins, with a few large punctures 
on prominent elevated ridge, the space between tubercles nearly 
equal to the length of the second flagellar segment; shelflike 
projection broad, rugose. Mandibles distinctly three-toothed 
with slight indications of a fourth tooth at lower apical angles; 
setfe on distal portion of mandible between the raised longitudinal 
ridges very short, dense, golden in color. Clypeus smooth, shiny, 
with a few small punctures on its disk, and large punctures 
mixed with smaller ones on the lateral, dorsal, and anterior 
portions. Malar space slightly longer than its width at articu¬ 
lation of mandible (from precoila to postcoila), about one-half 
as long as the greatest width of, and one-fifth as long as, the 
compound eye; smooth, shining, but feebly punctate. Ocelli sit¬ 
uated just above the narrowest part of the vertex; each lateral 
ocellus about its diameter distant from the median ocellus; area 
between lateral ocelli and median margin of compound eyes 
polished, almost impunctatc. Flagellum slightly more than twice 
as long as the scape; third flagellar segment longer than the 
fifth, the fifth slightly longer than the fourth. 

Dorsum and sides of thorax entirely with dark pubescence; 
center of disk smooth and impunctate. 

Abdomen with the first four dorsal abdominal segments cov¬ 
ered almost entirely with moderately long dark pubescence; 
that on fifth and sixth apical segments yellowish brown. Venter 
with light yellowish brown pubescence. Hypopygium without 
a median earina. 
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Legs with cuticle reddish brown; pubescence on trochanters 
light, on femora dark, on tibiae and tarsi bright golden color. 
Metabasitarsus distinctly arcuate and outer surface nearly flat. 
Distal end of mesobasitarsus without a pronounced apical pro¬ 
jection. Corbiculac slightly shagreened. 

Proximal portion of the wings yellowish, distal portion dis¬ 
tinctly suffused, nervures prominent. 

Length, 14 millimeters; spread of forewings, 31 millimeters; 
width of abdomen at second segment, 8 millimeters. 

Morphotypic worker, Mount Canlaon, Occidental Negros, Phil¬ 
ippine Islands, August 29, 1921, 5,000 feet elevation; collected by 
F. X. Williams. Deposited in the collection of the author. An¬ 
other worker with the same data deposited in the collection of the 
Hawaiian Sugar Planters’ Association. In general, the workers 
of this variety are replicas of the queens. 

BREMITS IRISANENSI8 (Cockrrdl). 

Male .—Clypeus densely covered with long yellowish pubes¬ 
cence; that on occipital orbits, surrounding bases of antennae 
and occiput, a black color. Malar much longer than its width 
at articulation of mandible between precoila and postcoila, about 
three-fourths as long as greatest width of and about one-third 
as long as length of compound eye. Ocelli very small, situated 
above narrowest part of the vertex, about their diameter removed 
from median ocellus. Space between each lateral ocellus and 
compound eyes smooth and shiny on mesal half and with large 
scattered punctures on outer half. Flagellum about four times 
as long as scape; third and fourth segments about equal in 
length, fifth much longer than either, middle flagellar segments 
distinctly arcuate. 

Dorsum and upper anterior corners of pleura of thorax entirely 
black; mesopleura with yellow or fulvous-yellow pubescence. 
A narrow elongate impunctate area, somewhat shagreened, on 
disk of mesonotum. 

Abdomen with yellow or fulvous-yellow pubescence on the 
first two dorsal abdominal segments, pubescence on the remain¬ 
ing segments black. Venter with blackish pubescence. 

Sagittae without a cyclelike hook at end; head widened and 
toothed on outer margin, terminating in a point; shaft with a 
pronounced downward directed tooth in middle of its length on 
lower margin. Uncus narrow and pointed at apex. Squama 
large, with a curved hooklike process on its mesal posterior mar¬ 
gin. VoselUe extending well beyond squamae and considerably 
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inwardly; apex with a small hook directed outwardly. Dorsal 
view of genitalia shown in fig. 1. Inner and outer spathse shown, 
respectively, in figs. 2 and 3. 

Legs with cuticle blackish, with mostly black hairs except 
upon tarsal segments which are more golden brown. Hind tibia,* 
on outer surface convex, with numerous seta* bearing punctures. 
Metatarsus of middle leg at apical outer angle with' a pronounced, 
sharp, spinelike projection. Metatarsus of hind leg concave, 
with hind margin somewhat arcuate; three and one-half times 
as long as greatest width. 

Wings fuliginous throughout. 

Length, 22 millimeters; spread of forewings, 47 millimeters; 
width of abdomen at second segment, 10 millimeters. 

Allotypic male, Imugan, Luzon, Philippine Islands, 1923. De¬ 
posited in the collection of the author by permission of Doctor 
Iledicke, who first recorded but did not fully describe this male. 

Queen. —Similar, except in size, in structural details, and in 
color characters, to the workers as redescribed by Frison 
(1925, pp. 116-117). In addition to that description the narrow 
elongate bare area on disk of mesonotum is somewhat sha- 
greened; metatarsus of middle leg and hind legs at apical outer 
angles with pronounced, sharp, spinelike projections. 

Length, 27 millimeters; spread of wings, 54 millimeters; width 
of abdomen at second segment, 11 millimeters. 

Morphotypic queen, Imugan, Luzon, Philippine Islands, 1923. 
Deposited in the collection of the author by permission of Doctor 
Iledicke, who first recorded but did not fully describe this queen. 

The additional characters here recorded for the queen of the 
typical irimnensiy. (Cockerell) are also found on the workers. 
In a previous paper in the Philippine Journal of Science (1925) 

I described two rather large females of Brenius irisanensis 
(Cockerell) and designated them as morphotypic queens, think¬ 
ing them to be the queens of this species. The study of material 
submitted by Doctor Hedicke proves them to be large workers, 
and since these specimens have no nornenclatorial status they 
are to be disregarded as morphotypical specimens. The true 
queen is here described from a specimen which was a part of the 
original Hedicke material (1926; first authentic report of queen 
and male) and is now designated as the true morphotype. Like¬ 
wise, the male from the same material is designated as the allo¬ 
type. 
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BREMU8 BAGUIONENSIS nr. IMIJGANENSIS (Hedlckt). 

Queen. —Face, occipital orbits, and occiput with black hairs. 
Labrum with tuberclelike areas moderately separated, lateral 
portions smooth and shiny, mesal portions with some large punc¬ 
tures and somewhat shagreened; shelflike projection rugose, 
about one-half as long as width of labrum, with its anterior 
margin strongly cresentic. Mandible three-toothed, with but 
a slight suggestion of a fourth tooth at lower apical angle. 
Clypeus with a smooth shining mesal area, punctate on lateral 
and upper portions. Malar space about as long as its width at 
articulation with mandible; about one-half as long as greatest 
width of and slightly less than one-fourth length of compound 
eye. Ocelli large, situated just above narrowest part of the 
vertex, just below supraorbital line; lateral ocelli slightly closer 
to the inner margin of the eyes than to one another; area directly 
lateral of each lateral ocellus mostly impunctate and shining, a 
few small punctures near margin of eye. Flagellum slightly less 
than twice as long as the scape; third antennal segment much 
longer than fifth, the fifth longer than the fourth. 

Dorsum of thorax and upper anterior corners of pleura with 
black pubescence, that on remaining areas of pleura dark yellow¬ 
ish; a narrow, elongate, impunctate, smooth and shiny area in 
the center of disk. 

Abdomen with dark yellowish pubescence on the first two dor¬ 
sal abdominal segments, pubescence on remaining segments 
black. Venter with dark pubescence. Hypopygium without 
a median carina. 

Legs with cuticle mostly black, but in places inclined to be 
reddish, particularly on hind corbicul® and tibiae. Corbicular 
fringes dark. Apical outer angle of metatarsus of middle leg 
with a pronounced, sharp, spinelike projection. 

Proximal portion of the wings yellowish, distal portion dis¬ 
tinctly suffused, nervurcs prominent. 

Length, 18 millimeters; spread of forewings, 39 millimeters; 
width of abdomen at second segment, 8 millimeters. 

Morphotypic queen, Mount Banahao, Tayabas Province, Luzon, 
Philippine Islands, April 29, 1921, 4,000 feet elevation; collected 
by F. X. Williams. Deposited in the collection of the author. 

Superficially identical in coloration with irmincnsis (Cock¬ 
erell), but differs markedly in structural characters as pointed 
out in the key to females. 


238508 - 5 
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Key* to the Philippine species and varieties of Iiremus. 

QUEENS AND WORKERS (FEMALES) 

1. Metatarsus of middle left’ at apical outer angle with a pronounced, sharp, 
spinelike projection; ocelli small, each lateral ocellus nearly twice 
as far removed from median ocellus as its diameter; outer half of 
area between lateral ocelli and median margin of compound eyes 
strongly punctate; first and second dorsal adbominal segments with 
yellow or fulvous-yellow pubescence; very large queen (2fi millimeters 
in length) and workers (15 to 20 millimeters in length). 

Bremns ( Hortobombns) irisan crisis (Cockerell). 

Metatarsus of middle leg at apical outer angle without a pronounced, 
sharp, spinelike projection; ocelli large, each lateral ocellus less or 
not more than its diameter removed from median ocellus; outer half 
of area between lateral ocelli and median margin of compound eyes 
smooth, shiny, with but few small punctures; small queens (19 milli¬ 
meters in length) and workers (11 to Id millimeters in length) .... 2. 

2. First and second dorsal abdominal segments with black or chocolate- 

brown pubescence . . . . .... 3. 

First and second dorsal abdominal segments with yellow or fulvous- 
yellow pubescence . .. .. 4. 

3. Pubescence of the thorax and basal, dorsal, abdominal segments nearly 

black; only the last two apical, dorsal, abdominal segments entirely 
reddish fulvous . .. Bremns mvnrvsi var. hakeri (Cockerell). 

Pubescence of the thorax and basal, dorsal, abdominal segments chocolate 
brown; last three apical, dorsal, abdominal segments entirely or nearly 
yellowish brown or fulvous. Bremns me a nisi (Ashmead). 

4. Apical segments entirely or mostly black. 

Bremns (Pratombombus) bagnionensis var. imngancnsis (Iledicke). 

Apical segments with yellowish or golden brown pubescence. 

Bremns {Prat oho mb ns) bagnio nensis (Cockerell). 

MALES 

[The male of Bremns mearnsi , or of its variety hakeri , is not known.] 

1. Metatarsus of middle leg at apical outer angle with a pronounced, sharp, 

spinelike projection; hind tibiae on outer surface without a large more 
or less bare, irnpunctate area on middle portion; head of shafts of 
sagittal of genitalia without a cyclelike hook. 

Bremns ( Ilortobombns) irisanensis (Cockerell). 

Metatarsus of middle leg at apical outer angle without a pronounced, 
sharp, spinelike projection; hind tibiae on outer surface with a more 
or less bare, shiny, irnpunctate area on middle portion; head of shafts 
of sagittfe of genitalia with a cyclelike hook (Pratobombus) . 2. 

2. Apical dorsal segments of abdomen with a considerable amount of 

yellow or fulvous-yellow pubescence. 

Bremns bagnionensis (Cockerell). 

Apical dorsal segments of abdomen entirely dark or with fulvous-yellow 
pubescence restricted to last segment. 

Bremns bagnionensis var. imuganensis (Hedicke). 
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TABULATION OF CASTE DESCRIPTIONS OF SPECIES AND VARIETIES 

Bremits mearnsi (Ashmoad); type, worker (11)05); collection United States 
National Museum. 

Bremits mearnsi (Ashmead); morphotype, queen (Frison, 1925) ; collection 
United States National Museum. 

Bremus mearnsi var. bakeri (Cockerell); queen (1920); collection Baker 
11829. 

Bremus mearnsi var. bakeri (Cockerell) ; morphotype, worker (Frison, 
1928); collection Frison. 

Bremus irisanrnsis (Cockerell) ; type, worker (1910) collection British 
Museum. 

Bremus irisanensis (Cockerell); allotype, male (Frison, 1928); collection 
Frison. 

Bremus irisanensis (Cockerell); morphotype, queen (Frison, 1928); col¬ 
lection Frison. 

Bremus baguionensis (Cockerell); type, worker (1920) ; collection Baker 
11841. 

Bremus baguionensis (Cockerell) ; allotype, male (Frison, 1925) ; collection 
Frison. 

Bremus baguionensis var. imuganensis (Hedieke) ; type, male (1920) ; col¬ 
lection Frison. 

Bremus baguionensis var. imuganensis (Iledicke); morphotype, queen (Fri¬ 
son, 1928) ; collection Frison. 
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Plate 1. Hremus irisanensis (Cockerell) 

Fig. 1 . Male genitalia. 

2. Inner spatha. 

.3. Outer spatha. 
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NEW PHILIPPINE SHIPWORMS 


By P. B. Sivickis 

Of the University of the Philippines, Manila 
THREE PLATES 

Bartsch (1927) lists sixteen species of shipworms from the 
Philippines, four of which may be considered as of doubtful 
validity. In this paper I present fifteen species of these ani¬ 
mals, none of which has been described before. Bartsch’s 
specimens were collected from the deeper waters, while mine 
came from the shore, from floating wood, or from sand. None 
of them came from water deeper than one meter. 

The classification here adapted is that of Bartsch as given 
in his monographs. It is based almost entirely on the shells 
and the pallets. As pointed out by Miller (1922) classification 
based on either shell or pallets alone is of doubtful value and 
can be resorted to only in cases of absolute necessity. For 
this reason I have left incomplete specimens for further study 
when more material may come to hand. The nomenclature of 
parts adopted by Bartsch and by Miller is used. 

All three genera of teredos are represented in the Philippines. 
Future study may necessitate the creation of new genera. I 
am inclined to think that the shell described by Bartsch in 
Eoteredo philippinensis belongs to Bactronophorus and that the 
new generic name will not be applicable. On the other hand, 
it is possible that Teredo hydei and T. apendiculata , described 
in this paper, should be referred to a new genus. I admire 
Bartsch’s creation of subgenera, but I cannot follow his example 
in this respect. I think that this group of animals is much 
larger than is generally supposed, at least in the Philippines, 
and our knowledge is still inadequate for the division into sub¬ 
genera. 

The type specimens of the species described herein have been 
deposited in the Bureau of Science, Manila. 

Genus BANKIA Gray, 1810 

The blade of the pallet consists of a series of cones which 
are free at their distal end. The cones may fit very closely 
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into each other or they may be open and end in spiny pro¬ 
jections. 

HANKIA TRIANGULARIS up. nov. Plate 1. fi*. 1. 

Shell large and triangular; rather thin for its size. Sinus 
is in the form of an arc of an ellipse and runs along the dor¬ 
sal border of the anterior part. Anterior part considerably 
wider than high (5 :P). Both anterior and anterior median 
parts very finely ridged. The ridges are so tine that it is very 
difficult to count them even if magnified with a hand lens. A 
little over three hundred ridges were counted. Anterior me¬ 
dian part very wide, about 1.5 times the rest of the median 
and the auricle combined. Middle median slightly declined pos¬ 
teriorly. Posterior median very narrow, just a little wider 
than middle median. Auricle very small or lacking. lane of 
junction between right and left shells very long, of the same 
length as distance from umbone to knob. The shell has a gen¬ 
eral appearance of a right triangle. 

Inside of shell bluish white. The shelf is entirely at the rim 
of the posterior median until it reaches the auricle; from this 
point it merges with the auricle. The blade springs from the 
posterior median and the ventral border of the shell; usually 
it is small but in some cases about one-fourth of it may reach 
the anterior median part. 

Pallets of medium size, with very closely packed cones. The 
composite nature of the pallets is seen best from the outer 
surface. 

The specimens were collected in Cebu by R. S. Filoteo. 

HANKIA ORYZAFORMIS up. nov. Plate 1. fl*. 2. 

Shell small, thin, transparent, and light blue. The anterior 
part spreads fanlike. Width and height of anterior part about 
equal. Ridges on anterior median finer than those of anterior 
part, but in spite of inequality the number is about the same. 
Middle median narrow. Posterior median about equal to width 
of middle and posterior medians combined. Irregular growth 
lines well marked. Auricle rather small, at a slight angle 
with posterior median. In the inside of the shell the junction 
between the auricle and the posterior part is marked by a 
strong shelf. Blade short and broad; it springs from the rim 
of the callus. Knob prominent. 

Pallets of loose cone-in-cone type. Margins of cones entirely 
free and smooth. Peduncle thin and even in thickness through¬ 
out, except near the blade where it becomes abruptly thickened. 
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The specimens were found in a piece of wood (Xylocarpus 
sp.) exposed during low tide at Puerto Princesa, Palawan. 

BANKIA QtJADRANC.ULARIS »p. nov. Tlate 1, ft*. 3. 

Shell above medium in size and thickness. The usual callus 
extends in a straight line along the rim of the anterior part. 
This gives it the shape of a more or less irregular quadrangle. 
Anterior part wider than high (7 :5). Ridges fine but dis¬ 
tinct; about ninety can be counted. Denticles very fine. An¬ 
terior median slightly wider than middle and posterior medians 
combined. Ridges of anterior median similar to those of ante¬ 
rior part; they coordinate at the junction of the two parts. Mid¬ 
dle median part narrow, but well marked on both sides. 
Posterior median well arched and merges into a small auricle. 

Inside of shell rather smooth. Shelf well marked. The 
blade arises from underside of rim of umbone and passes al¬ 
most parallel to shelf. Knob prominent. 

Pallets rather stout with cones very close together. Pedun¬ 
cle peglike and about as long as blade. 

Specimens were obtained from stumps that had been under 
water for about a year, at Dalahican, Cavite, Luzon. 

1IANKIA TENUIS *p. nov. Plate 1. fi*. 4. 

Shell of medium size, subglobular, and thin. Anterior part 
fan-shaped and almost twice as wide as high. Callous rim al¬ 
most straight. Ridges fine but far apart; about thirty can be 
counted. Anterior median rather narrow. No correlation 
between ridges of anterior and anterior median parts. In the 
latter the ridges are about twice as close as in the former, per¬ 
mitting irregular intercallation of the ridges of two regions. 
Middle median part, as usual in these animals, rather narrow 
and slightly sunken. Posterior median about 1.5 times as wide 
as anterior median part. Growth lines of middle and posterior 
parts well marked, widely separated, and as usual run in the 
opposite direction to those in anterior median. Auricle large 
and distinctly separated from posterior median part. Sculp¬ 
ture inside of the shell clear. Shelf rather low; blade springs 
from rim of the underside of umbone, is short, and runs twisted 
at an angle parallel to the shell. Knob prominent. 

Pallets long and white, with cones closely approximating each 
other. Free margins of cones clearly pectinate or comblike; 
the pectination clearer in old specimens. 

Collected by R. S. Filoteo, from the Cebu region. 
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BANKIA CLOIJOSA »p. nov. PUte 1, fi*. 5. 

Shell small, subglobular, and thin. Callous growth along the 
dorsal anterior edge of anterior part runs in a straight line. 
Anterior part well developed. Ridges distinctly denticulate 
and rather coarse; over thirty can be counted. Anterior median 
distinctly separated from anterior. Ridges of the two regions 
poorly articulate with each other; those of anterior median 
lying closer to each other. Denticles more clearly marked in 
anterior median than in anterior part. Middle median narrow 
and marked with line lines of growth. Posterior median about 
the same width as anterior median; lines of growth clearly 
seen and continue into the auricle. Auricle rather small; it 
begins at the level at which anterior part ends and extends 
into the ventral half of the shell. 

Inside of shell clear. Shelf rather shallow. The blade 
springs from the rim near the umbone. It is short and straight, 
and flattened in a plane parallel to the edge of posterior median. 

Pallets with well-fused cones. The composite nature of the 
pallet is more distinct from the inner side. The peduncles ta¬ 
per to a point. The boundary between the free and embedded 
parts of the peduncle is distinctly marked. 

The specimens were collected from old piles at Sir J. IJrooke 
Point, Palawan. 

BANKIA RUBRA sp. nov. Plate 1. fi*. fi. 

Shell small, triangular, and thin. Width of anterior part 
exceeds its height. Callous anterior dorsal line strongly curved. 
Ridges evenly distributed and of medium size; about fifty were 
counted. Anterior median part as wide as posterior median. 
Ridges fine and most of them take origin at the ends of ridges 
of anterior part. This coordination, however, is not perfect. 
Dividing line between anterior and anterior median parts very 
sharp. Middle median a narrow groove; posterior median 
smooth. Auricle medium in size and curves slightly outward. 

Inside of the shell the shelf is small and is best seen in the 
ventral region. The blade projects from under the rim of the 
umbone. It is a small structure and runs along the plane of 
the shell in such a way that the plane of the blade is almost 
at right angles to that of the shell. 

Pallets of a loose cone-in-cone type. The cones are delicate, 
and their rims are beset with spines. These are of two types; 
namely, small toothlike spines along the inner rim of the cone 
(over ten of these can be counted), and two long stout spines 
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on the extreme margins of the cones. One of these is usually 
long, another much shorter. The outer margin is smooth. 

The specimens of this animal were collected from living man¬ 
grove stems. This possibly accounts for the dark red color of 
all parts of the animal. The species is common near Puerto 
Galera, Mindoro. 

Genus BACTRONOPIIORUS Tapparonc Cancfri, 1H77 

Pallets large, stiltlike. From the cup of the distal end of 
the pallet springs a long, flat, bladelike style. This style is flat 
and smooth on the inner surface and lightly convex on the 
outer. The outer surface usually is warty. 

Two species of this genus have been reported from Australia. 
The two described below are the first Philippine representatives. 

BACTRONOPIIORUS EDUI.IS sp. nov. Plate 2, tig. 7. 

Shell comparatively large, subglobular. The anterior part 
is of an isosceles triangle type. Under the umbono a strongly 
developed callus which ends in an inward reflected knob. 
This knob fuses with a strongly developed shelf. Anterior 
part slightly wider than high. Ridges run fanlike; they are 
rather coarse, finely denticulate; from thirty to fifty ridges 
were counted in different specimens. Anterior median part 
narrow; less than half of middle and posterior median com¬ 
bined. Ridges from the anterior part continue directly into 
anterior median part as an obtuse triangle. Middle median a 
narrow strip and, as usual, darker in color; slightly elevated 
from surrounding region. Posterior region smooth and shows 
shallow lines of growth. Auricle large, runs at first at a slight 
angle to the posterior part, then bends sharply outward. Shelf 
along posterior median and auricle strongly developed. An¬ 
other shelf runs along the border of the anterior and anterior 
median parts. Two shelves meet just under rthe knob, forming 
a deep angle at the place of junction. Some distance ventrally 
from this angle, from the middle of the posterior shelf, arises 
a thin, flat blade. Ventral knob large. 

Pallets of typical Bactronophorus type; shorter and stouter 
than in either Bactronophorus thoracites (Gould) or B. australis 
(Wright). Blade resembles a certain type of scalpel with one 
straight and the other slanting edge. 

The specimens were sent by Mr. J. Menez, from New Wash¬ 
ington, Capiz Province, Panay. I am told that in that place 
they are very abundant in dead logs along the shore. They 
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are collected, and eaten, either raw or cooked. They taste like 
oysters. At certain times they are pickled in vinegar and sold 
in nearby markets. 

KACTROVOPlIORrS FII.OTEOI «p. nov. Plate 2, fig. 8. 

Shell triangular and comparatively large and heavy. Um- 
bone with a marked callus projecting inward. A small, thin, 
flat blade, at least 1 millimeter long, projects from the under¬ 
side of callus. Anterior part is of an irregular rectangle type, 
with fine ridges; a little over one hundred twenty ridges count¬ 
ed; few of them eroded. Anterior median part about equal or 
slightly wider than posterior median part. The ridges of the 
anterior median are continuous with those of the anterior part; 
but on account of the anterior median being narrower than the 
anterior part, the ridges are closer together in the former than 
in the latter. Middle median part a narrow brown strip, slightly 
elevated. Posterior median markedly convex in its dorsal re¬ 
gion, less so in the ventral. Auricle sharply marked from pos¬ 
terior median and runs at a slight angle to the latter. 

Inside of the shell there are two shelves with a triangle be¬ 
tween them. The triangular area in this species is shallower 
than that in R. edutix. The blade springs from the main or the 
posterior auricular shelf at the level where the auricle on one 
side and anterior part join their respective sides of the median 
part. The undersurface of the main shelf is filled with an irreg¬ 
ular calcareous mass. The ventral knob as usual is prominent. 

Pallets rather small and slender. Blade slightly shorter than 
the rest of pallet; both edges curved. 

This species differs from R. edulis mainly by a finer ridging 
of the anterior part, by having anterior median and posterior 
median parts about equal in width, by shallower shelves, and 
by the size as well as the general shape of the pallets. 

One specimen was sent from Cebu by R. S. Filoteo, in whose 
honor 1 have the pleasure of naming the species. 

Genus TEREDO Linnaeus, 1738 

Pallets either spoon-, paddle-, or scoop-shaped. They may be 
cupped or not or they may even bear at their termination a 
calcareous knob which is usually small. 

TEREDO OBTCSA up. nov. Plate 2, t\g. 9. 

Shell large, heavy, and obtuse. Umbone with usual callus. 
Anterior part triangular; base of triangle and side about equal. 
Over one hundred finely denticulated ridges were counted on 
the anterior part. Anterior median part is slightly larger than 
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middle and posterior median combined. The fine ridges in this 
part are denticulate and appear to be closely correlated with 
those on the anterior part. Middle part narrow and slightly 
elevated. Posterior median part about half as large as ante¬ 
rior median; it sinks downward beginning with middle median 
and curves merging into auricle. Auricle obtuse, thin and 
transparent, of medium size and much wider than high. In¬ 
side outline of the shell deep. Shelf prominent. The blade 
arises at junction of the shelf and the callus knob of umbone. 
Blade very small. Ventral knob present. 

Pallets spoon-shaped. Blade slightly excavated inside in the 
proximal region and convex outside. Distal regions of both 
sides rough. Stalks heavy and vary considerably in shape. 
Just before the rough area there is a periostracal band so that 
the pallet appears banded. 

Collected from an old pile at Sir J. Brooke Point, Palawan. 

TEREDO VARIEOATA »p. nov. Plate 2, fl*. 10. 

Shell medium in size, subglobular, and thin. Anterior part, 
roughly, has the shape of an equilateral triangle or that of an 
open fan. Height and base about equal. Ridging medium 
fine, with wide spaces between ridges; about forty ridges were 
counted. The ridges form an obtuse triangle with those of 
the anterior median part and at the junction they do not co¬ 
ordinate with each other. Anterior median about half of mid¬ 
dle and posterior median combined. Ridges of anterior median 
fine and close together. Middle median narrow and slightly 
depressed. Posterior median slightly depressed and strongly 
marked from the auricle, which is still more depressed and of 
comparatively large size. 

Shelf merely a ridge. The blade springs from the rim of the 
callus region and runs in the anterior median direction with 
the flat side almost at right angle to the shell. Knob of normal 
size. 

Pallets spoon-shaped, short, and stout. The dark band of 
periostracum is present. In general the pallets resemble those 
of T. obtiu but they are smaller and finer. This species dif¬ 
fers from the preceding especially in the relative size of the 
parts of the median shell. 

Few specimens were collected by R. S. Filoteo, in Cebu. 

TEREDO PRINCESAE up. nov. Plate 2. fi«. 11. 

Shell small, triangular, and thin. Anterior part triangular. 
Base of triangle longer than height. Ridges run in the form 
of a fan; coarse and distinct; about twenty were counted. An- 
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terior median very narrow; less than middle median. Ridges 
very dose together and apparently coordinate with those of 
anterior median. Middle median prominent, slightly elevated. 
Posterior median about three times as wide as anterior and 
middle median together. Auricle very large and strongly bent 
outward. 

The inside of the shell shows a very pronounced shelf at the 
junction of the auricle with the posterior median. The shelf 
is so prominent as to give an appearance that the auricle was 
placed by the side without fusion. At the junction of the 
callus and the shelf, springs the blade which runs parallel to 
the middle median part of the shell. 

Pallets leaf-shaped, with a thin and broad expanded portion 
well cupped. No partition, stock short and very delicate. Pal¬ 
lets in their entirety very delicate and thin. 

The specimens were collected at Puerto Prineesa, Palawan, 
from a piece of wood that was exposed during low tide. 

TEREDO BARTSCHI up. nov. IMhU- 3. fijf. 13. 

Shell bluish white, small, thin, and brittle. It is of an isos¬ 
celes triangle type with the dorsal line of articulation as its 
base. Anterior part and auricle large. Anterior part of an 
irregular quadrangle type; about as wide as high. Ridges of 
medium size and rather coarse; over forty were counted. An¬ 
terior median part slightly less than width of middle and pos¬ 
terior median combined. Ridges of anterior median meet 
those of anterior part at an angle slightly larger than 90°. 
They are continuations of each other. Middle median narrow; 
slightly depressed and indistinctly separated on both sides. 
Posterior median distinctly convex. Auricle of medium size; 
bent outward, forming an obtuse angle with posterior median 
part. 

Inside smooth and bluish white. Shelf poorly developed. 
The blade springs from edge of callus and projects downward, 
running parallel to middle median part. 

Pallets strong and stout; with a single cup. A poorly devel¬ 
oped knob in the proximal edge of cup. 

The tips of siphons are free and about equal in size. The 
calcareous tube instead of being single as in most of the tere¬ 
dos, is divided by a partition. This species and the one that 
follows apparently belong to the group of teredos represented 
by Teredo arena ria, Teredo mannii, etc., which has been under 
discussion by zoologists for generations. 
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The specimens were collected at Sir J. Brooke Point, Palawan, 
from old piles. 

TEREDO DUBIA sp. nov. Plate 3. tig. 14. 

Shell low, wide, large, and thin; in the adult stage it becomes 
very narrow, unlike that of the other teredos. In young stages 
the shell has the general characteristics of the shell of any other 
animal in this group, but even the young shell does not have 
a typical boundary line between the anterior and the anterior 
median part. In older specimens this boundary line becomes 
entirely eliminated. In younger specimens few ridges run¬ 
ning from the anterior directly into the anterior median part 
are visible. Ridges coarse and wide apart. Middle median 
very narrow and marked by a seamlike elevation. Posterior 
median part deeply eroded and smooth. Auricle recognizable 
as such only in very young specimens; in adults it is almost 
obliterated. A strong callus just under the umbono; it is large 
and projects in a dorsal median direction. From the middle 
of this callus springs a strong blade; it is straight and peglike 
in young specimens, but becomes curved in various directions 
forming an irregular corkscrew in some of the older specimens; 
its general course is parallel to the shell. The rim of the inner 
anterior and the anterior median borders is thickened in a 
seamlike manner. The usual ventral knob is relatively poorly 
developed. 

Pallets strong, paddle-shaped, with short cups in which there 
is a low median partition. 

Calcareous tube large and heavy. The whole animal and the 
tube may grow to almost half a meter in length and may be¬ 
come of considerable thickness. It grows in hard sand. The 
distal end of the tube is 5 centimeters under the surface. The 
tube sinks straight into the ground for a considerable distance; 
the anterior end downward, the pallets and the siphons upward. 
The siphons are exposed to the surface and when seen for 
the first time may be mistaken for aetinians or almost any other 
cylindrical animals. The true nature of the animal is revealed 
after considerable digging. 

A large colony of these animals was found near Puerto Gale- 
ra, Mindoro. In this colony the young and the old animals live 
near each other. All of them are buried in sand. This ap¬ 
parently is contrary to W. T. Caiman’s suggestion 1 that the 


1 Nature 119 (1927) 104. 
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sand-boring forms may be the fullgrown animals of the timber¬ 
boring species which are set free by the decay of the wood. 
This, however, does not prove that the sand-boring teredos are 
not related to the wood borers. The pallets of this animal in 
all respects, except the size and few specific characteristics, re¬ 
semble those of T. bartschi (fig. 13) and also the pallets of 
an unknown species shown in fig. 12. Both of these species 
were taken from wood and at distant localities; the first in 
Brooke Point, Palawan, the second in Dalahican, Cavite, hun¬ 
dreds of kilometers apart. The pallets shown in fig. 12 were 
found in a mangrove stump. As I realized the importance of the 
specimen, every effort was made to dig out the entire animal; but 
it went so deep into the stump, going straight into the ground, 
that with the instruments in our possession we had to aban¬ 
don the work. It is possible for such an animal to remain in 
the sand when the wood disintegrates. 

I consider that these three species are related to Teredo are - 
naria and T. mannii . The relationship of these animals, espe¬ 
cially that of T. arenaria (sometimes called Kuphus arenarins ), 
has been under discussion for generations. Until some one 
compares the shells and the pallets of these animals the dis¬ 
cussion will not end. That the sand-boring teredos have very 
close relatives among the wood-boring forms is clear. 

TEREDO 1IYDEI up. nov. Plato 3. fi*. 15. 

Shell subglobular, large, and heavy. Sinus well developed. 
Umbone with the usual callus bending downward. Anterior 
part broad and high. Width to height ratio 3: 2. It resembles 
an irregular quadrangle. Ridges medium fine; number, as 
counted, not less than one hundred fifteen. Anterior median 
part and middle median part together almost equal to posterior 
median part. Ridges of anterior median finer than those in 
anterior part, but they coordinate with each other. Middle 
median part well defined on anterior side, less so on posterior. 
Posterior median slightly depressed. Auricle small. 

Shelf short but well defined; the blade springs from shelf at 
a considerable distance from umbone. Middle median distinct. 
Knob medium in size. 

Pallets of a scoop type, wide and long, deeply concave on 
inside and convex on outside. Junction of peduncle with blade 
marked by an elevation running on the concave side of blade. 
The pallets have a smooth surface, though they may show con¬ 
centric lines of growth. They are cream white at all stages. 
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These animals were found in large numbers in mangrove 
stumps on the shore at Dalahican, Cavite. I have the pleas¬ 
ure of naming this species in honor of Dean Edward R. Hyde. 

TEREDO APENDICUI.ATA sp. nov. Plate 3. ft*. 16. 

Shell small, thin, and triangular; anterior part slightly wider 
than high. Ridges far apart; thirty were counted. Anterior 
median part about half as wide as posterior median and middle 
median combined. The ridges are roughly denticulate and do 
not coordinate entirely with those of the anterior part. Middle 
median part narrow. Auricle large and reflected outward. 

The shelf may be well developed. The blade springs from 
shelf at some distance from umbone and runs parallel to shell. 
Knob of medium size. 

Pallets of scoop type. Peduncles very short or lacking. The 
insertion lines are marked by two grooves on the proximal end 
of the pallets. The pallets are smooth and cream white in 
living and in preserved specimens. 

This species resembles T . hydei but is smaller, possesses 
rougher sculpture, has much narrower anterior median, and has 
pallets without insertion stalks. The last phenomenon has never 
been found in any other teredo reported. I am satisfied that 
they were not broken. 

The specimens were collected from pieces of wood exposed at 
low tide in Puerto Princesa, Palawan. 

TEREDO PARKHI Bmrtsch. Pint* 3. fir. 17. 

Teredo parksi Bartsch, Proc. Biol. Soc. Wash. 34 (1921) 25-32. 

This species is apparently common in the Philippines. The 
specimens illustrated in fig. 17 were collected from floating wood 
in Batag Bay, Samar. The animals are very small. 

Besides this collection we have in the departmental collec¬ 
tion two more vials with the animals of this species. The local¬ 
ity is not given, but presumably they were collected somewhere 
in the Philippines. 

The animals of this species have been described by Bartsch 
and by Miller." Miller reports the species from Cavite. 

THE MORE IMPORTANT LITERATURE ON SHIPWORMS 

Bartsch, P. A new classification of the shipworms and descriptions of 
some wood-boring mollusks. Proc. Biol. Soc. Wash. 34 (1921) 25-32. 
Bartsch, P. A monograph of the American shipworms. Bull. U. S. Nat. 
Mus. 122 (1922) 1-51. 

7 Univ. Calif. Pub. Zool. 26 (1924) 146. 
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Plate 1 

Fig. j. liankia triangularis sp. nov.; outside and inside views of the shells 
and the pallets. 

2. liankia oryzaformis sp. nov.; outside and inside views of the shells 

and the pallets. The pallet in the center is 10 millimeters. Other 
sizes in the same ratio. 

3. liankia quadrangularis sp. nov.; outside and inside views of the 

shells and the pallets. Actual length of the pallet on the* left 
is 20 millimeters. Other sizes in the* same ratio. 

4. Liankia tenuis sp. nov.; outside and inside views of the shells and 

the pallets. 

5. liankia globosa sp. nov.; outside and inside views of the shells and 

the pallets. The actual length of the pallet on the right is 8 
millimeters. Other sizes in the same- ratio. 

6. Liankia. rubra sp. nov.; several views of the shells and the pallets. 

The actual length of the pallet on the extreme left is 0 milli¬ 
meters. Other sizes in the same ratio. 


Plate 2 

Fig. 7. Baetronnphorns edulis sp. nov.; shells and pallets. Note the nar¬ 
row" anterior median part. The actual length of the pallet on 
the left is 16 millimeters. 

8. Bactronophoms filoteoi sp. nov.; shells and pallets. Note the wide 
anterior median part and the position of the blade. 

It Teredo obtusa sp. nov.; various views of the shells and the pallets. 
Note the wide anterior median part and very close ridging on 
the anterior part. The actual length of the pallet on the left 
is 11.5 millimeters. Other sizes in the same ratio. 

10. Teredo variegata sp. nov.; shells and pallets. Note tin* narrow 

anterior median part and the coarse ridging on the anterior 
part. 

11. Teredo princestr sp. nov.; shells and pallets. The actual length 

of the longest pallet on the right is 3.3 millimeters. The other 
sizes in the same ratio. 

12. Teredo sp.; pallets. Compare their shape with the two following 

species. The actual length of the longer is 16 millimeters. 
Other sizes in the same ratio. 
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Plate 3 

Fig. 13. Teredo bartsrhi sp. nov.; shells and pallets. The piece of tube 
shows double perforation for the exit of siphons. This type of 
tube is characteristic of this group of Teredidae. Actual length 
of the first pallet on the left side is 8.25 millimeters. Other 
sizes in the same ratio. 

14. Teredo dubin sp. nov.; group of shells and pallets. Paired shells 

and pallets shown in the center are of the smallest specimen 
found. Note the erosion and a peculiar ridging of the shell. 

15. Teredo hydei sp. nov.; shells and pallets. Note the width of the 

anterior median and rather fine ridges on the anterior and the 
anterior median. Note also the stalks of the pallets. 

16. Teredo apendicidata sp. nov.; shells and pallets. Note the nar¬ 

row anterior median part and rather coarse ridging of the 
anterior part. Note also the absence of stalks. Actual length 
of the pallet on the right is 8.5 millimeters. Other sizes in 
the same ratio. 

17. Teredo par km sp. nov.; shells and pallets. Actual length of the 

pallet on the left is 6.6 millimeters. Other sizes in the same 
ratio. 
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THE MORPHOLOGY OF A HOLOTHURIAN, STICHOPUS 
CHLORONOTIJS BRANDT 

By P. B. Sivickis and Jose S. Domantay 
Of the Department of Zodlvyy, University of the Philippines , Manila 

ELEVEN PLATES 

INTRODUCTION 

Stichopus chloronotus was originally described by Brandt in 
1835 from specimens collected in Guahan (Guam). He placed 
it in the subgenus Perideris. Selenka (1867) in his study of 
similar animals collected from Zanzibar, Africa, and the Sand¬ 
wich Islands, as well as Ludwig (1882), who later studied those 
collected from the Indian Ocean; Mauritius, Africa; and Ma¬ 
cassar, Celebes, agreed with Brandt in their identification. 
Haacke (1880), however, described similar specimens collected 
from Mauritius under a new name, iS. ciflinrfricus. Later Theel 
(1886), Kent (1893), Fisher (1907), and Clark (1921) con¬ 
curred with Brandt, Selenka, and Ludwig in their description of 
similar animals collected from the Friendly Islands, Australia, 
Hawaii, and Torres Strait. 

Clark (1921) states that the geographical range of S. chlo¬ 
ronotus is from Mozambique, Africa, to the Hawaiian Islands. 
It seems that S. chloronotus is confined to the Indo-Pacific 
region and is commonest in the Fast Indies and neighboring 
places. As far as available literature shows, Theel is the only 
worker on this group of animals who mentions the presence of 
S. chloronotus in the Philippines. Theel's statement is vague, 
since he gives neither the exact location nor a further descrip¬ 
tion of the species. 

Selenka (1867) appears to have been the first to work on the 
anatomy of Stichopus chloronotus; but his work is far from 
being complete. Semper (1868) worked on the anatomy of dif¬ 
ferent forms of Philippine holothurians but did not work on 
S. chloronotus. However, he studied S. variegatus , which 
though possessing many differences in some respects is very 
similar to S. chloronotus. Theel (1886) confined himself ex¬ 
clusively to the spicules of S. chloronotus . It seems that Sticho - 
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pus chloronotus has never been adequately studied. The pur¬ 
pose of this paper is to describe the gross and the microscopic 
anatomy of this animal. 

HABITAT 

In the Philippines S. chloronotus has been collected from 
Puerto Galera, Mindoro, and from around the Hundred Islands, 
Lingayen Gulf, Pangasinan Province, Luzon. 

In the vicinity of Puerto Galera, Mindoro, S. chloronotus is 
most abundant along the sandy shores of Puerto Galera Bay, 
especially in the Northwest Channel along the Paniquian coast 
of Medio or San Antonio Island. In Lingayen Gulf it appears 
to be less common. In both places it is a littoral form, living 
in water less than a fathom deep. In some places at Puerto 
Galera the animals are so common that they can be collected by 
the thousand. Occasionally individuals are found in grassy re¬ 
gions; never in muddy places. Usually they do not take shelter 
under rocks and corals and are exposed during low tide. 

EXTERNAL CHARACTERISTICS 

The animal is elongate, quadrangular, and somewhat tapering 
at both ends (Plate 1, fig. 1). Its mouth is slightly on the 
ventral side of the anterior end (Plate 1, figs. 1 and 2), and 
the anus is at the posterior. The adult ranges from 200 to 400 
millimeters in length. In the middle of the body the width may 
reach 75 millimeters and the height 50. The largest specimens 
reported by Kent (1893) and by Clark (1921) do not exceed 
300 millimeters. 

Authorities differ in the description of the color of this ani¬ 
mal. Lamport (1885) described it as olive green; Theel (1886), 
olive brown; Kent (1893), clear bottle green with the tips of 
the papillie orange or scarlet; Fisher (1907), olive brown; Mit- 
sukuri (1912), deep black with the tips of the papilla' bluish 
and ocher yellow; Clark (1921), deep green or almost black 
with the tips of the papilla* brown orange. The Puerto Galera 
and Lingayen Gulf specimens are deep green with lighter irre¬ 
gular bands under sunlight with the tips of the papilke slightly 
lighter or orange in color. One specimen, however, was found 
with the body distinctly lighter in color than usual and with 
the papilla* banded with deep orange. The orange tips of the 
papilke can be extended and retracted. 

The interradial spaces are naked and plain. The dorsolat¬ 
eral and ventrolateral radii are provided with papilla? alter¬ 
nately arranged (Plate 1, fig. 1). This arrangement is distinct 
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in the former. The ventral surface shows that it is formed 
by three of the five radii and is provided with three rows of 
pedicels or tube feet. The middle row of tube feet is twice as 
wide as the lateral ones (Plate 1, fig. 2). The difference in 
width of these three rows of tube feet is due to the fact that 
the middle row takes up an entire radius while each of the 
lateral ones occupies only half of the radius, the other half is 
taken by the ventrolateral papilla?. The distinct alternate 
arrangement of the dorsolateral papillae is due to the absence 
of the tube feet in this region, so that the entire radius is left 
to the papillae. 

Stichopus chloronotus has twenty tentacles. A few specimens 
are recorded with eighteen or nineteen tentacles only. The 
stalks of the tentacles are cylindrical, resembling an Indian club. 
They are usually stouter at the base and are 15 to 25 millimeters 
in length and 4 to 7 millimeters in diameter at the widest part. 
The distal end is disk-shaped or more or less like a powder 
puff* (Plate 1, fig. 2). Close examination of the disk shows 
four main branches, each one divided and subdivided into many 
smaller branches, thus giving the appearance of a powder puff. 
The bases of the tentacular stalks are arranged in a circle and 
are united with each other at the margin of the peristome ( Plate 

1, fig. 2). The tentacle is provided with several types of spic¬ 
ules which are described under the skeletal system. 

THE SKELETAL SYSTEM 

The skeletal system in different parts of the body consists 
of variously shaped spicules, ranging from 37 to 796 microns. 
Scattered within the body wall are the simple tables with four 
short pillars (Plate 2, figs. 22-29) and C-shaped spicules (Plate 

2, figs. 30, 31) about 37 microns in their longest axis. The 
simple tables are embedded in the pigment layer of the body 
wall and are superficial in position (Plate 9). The C-shaped 
spicules are scattered in the connective-tissue layer (Plate 9). 

In the papilla? are found the same types of spicules as in 
the body wall with the addition of another type in the form of 
rods (Plate 3, fig. 19). These rods, which are either curved 
or branched, and average 370 microns in length, strengthen the 
distal portion of the papilla?. 

The tentacles are provided with many forms of spicules. 
The stems of the disk-shaped part of the tentacles have small 
quadrangular rods (Plate 2, figs. 3, 4). The distal part of the 
main stalk of the tentacles contains large quadrangular rods 
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slightly racemose at both ends. These rods are either curved 
or straight and range from 647 to 796 microns in length (Plate 
2, figs. 1, 2). The general arrangement of these rods is at 
right angles to the longitudinal axis of the stalk. The majority 
of these rods are curved and follow the curvature of the cylin¬ 
drical stem. Proximally there are very numerous small rosettes; 
some are simple and incomplete, while others are complex 
and appear like small sieve plates (Plate 2, figs. 10-16). These 
are scattered all over the wall of the main stem of the tentacle. 
In the proximal half of the stalk the supporting rods are en¬ 
tirely wanting and the rosette forms are fewer. In this part 
the spicules in the form of large tables predominate (Plate 2, 
figs. 5-9). The majority of these tables have six pillars, al¬ 
though some smaller ones have only four (Plate 2, fig. 5). 
They range from 56 to 148 microns in height. Their bases 
are perforated like those of regular sieve plates (Plate 2, fig. 6). 
Their pillars are connected with each other by crossbars and 
are spinous or racemose at their tips. At the proximal end, 
next to the rim of the mouth, are numerous C-shaped spicules, 
which are the typical body-wall spicules. 

At the very tip of the tube feet are large supporting sieve 
plates that lie close together, and the group appears like a single 
large sieve plate. Those in the central portion have no definite 
shape; some are circular, others are irregular (Plate 3, fig. 2), 
while those at the margin or rim of the tip are uniform in 
size and shape (Plate 3, fig. 1). They are usually characterized 
by two large holes at the center surrounded by several smaller 
ones. At the sides, near the tip, there are many spinous sup¬ 
porting rods. Some of these rods are similar to those of the 
papilke, but the majority are branched at the middle part, 
usually on one side (Plate 3, figs. 16-19). These side branches 
at the middle vary from simple spinous processes to complex 
sieve-plated ramifications. The latter are usually accompanied 
by slight ramifications on the oppsite side (Plate 3, figs. 16, 17). 
They are more or less uniform in size. The average length of 
these rods is 333 microns. They are arranged parallel to each 
other at right angles to the longitudinal axis of the pedicel. 
They arc usually found beneath the epidermis in the connective- 
tissue layer. Near the surface there are many small simple 
tables which are scattered all over the proximal part of the 
pedicel. Some of these tables have short pillars (Plate 2, fig. 
25). Aside from all these spicules in the tube feet there are 
C-shaped ones. 
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Even the internal organs are provided with spicules and cal¬ 
careous deposits. The calcareous ring, the stone canal, and 
the madreporite are filled with calcareous material usually in 
the form of a reticular network. In the walls of the water-ring 
vessel, in the Polian vesicles, and in the ampullae of the ten¬ 
tacles there are numerous rodlike spicules arranged parallel to 
each other (Plate 3, figs. G-8). The suspensors of the pharynx 
are provided with similar spicules. The gonads have > <-shaped 
spicules and few rodlike ones (Plate 3, figs. 3-5). The trunks 
of the respiratory trees possess complex rosettelike spicules, 
which appear like small sieve plates and range from 110 to 190 
microns in diameter (Plate 4, figs. 5, G). Those at the distal 
part are mixtures of simple and complex forms with various 
sizes from the minimum to the maximum, while those at the 
proximal are uniformly of the maximum size. The wall of the 
alimentary canal is also provided with numerous rodlike, X- 
shaped, and some X-shaped spicules scattered from the pharynx 
to the cloacal region (Plate 3, figs. 10, 11). When intestinal 
appendages are present they also have some rod-shaped spic¬ 
ules in their walls, especially those that are just beginning to 
protrude from the wall of the canal. 

The calcareous ring is made of well-developed calcareous 
plates fused to each other and surrounding the pharynx (Plate 
3, figs. 20, 21; Plate 5, fig. 1; Plate 6). There are twenty plates 
fused together to form a ring. Five of these plates, called ra¬ 
dial pieces, lie at the anterior ends of the five pairs of radial 
longitudinal muscles at the place of their attachment (Plate 3, 
fig. 20; Plate 7, fig. 3). The other fifteen are called interradial 
pieces (Plate 3, fig. 21). The two dorsal radial pieces are 
provided with conspicuous, bifurcate, posterior prolongations and 
are better developed than those of the ventral. The interra¬ 
dial pieces are all symmetrical and smaller than the radial. They 
are slightly concave behind and have a single median point in 
front (Plate 3, fig. 21). On each side of this median point 
the plate is hollowed for the reception of a tentacular ampulla 
and for the attachment of the basal part of the tentacular canal. 
According to Clark (1907) these plates arise from calcereous 
bars, which branch more or less irregularly; the branches anas¬ 
tomose and fuse until solid plates are formed. The plates are 
somewhat triangular in form. It seems as if there is an agree¬ 
ment between the number of the tentacles and the total number 
of plates in the calcareous ring. This is shown by the fact 
that the tentacular ampulla? are of the same number as the radial 
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and the interradial plates. The anterior part of each of the 
radial plates bifurcates, producing an indented part for the pas¬ 
sage of the radial nerve cord from the circumoral nerve ring 
(Plate 3, fig. 20; Plate 5, fig. 1). Microscopically these plates 
are not homogeneous but are made up of a reticular network 
of calcareous filaments, or bodies, similar to that of the stone 
canal (Plate 8, figs. 1-6). This reticular network of calcareous 
bodies is intermixed and inclosed by fibrous connective tissue. 

THE BODY WALL 

The body wall of Stichopus chloronotus is fairly thick but 
not firm, and the thickness is almost uniform throughout (Plate 
6). As in other holothurians it consists of five pa;ts (Plate 9) ; 
namely, a cutis and a layer of epithelial cells which make up the 
epidermis; a layer of connective tissue in which are located the 
calcareous deposits, pigments, and some spheruliferous corpus¬ 
cles; a layer of circular muscles; two radial bands of longitu¬ 
dinal muscles for each ambulacrum; and an inner epithelium 
which lines the body cavity. 

Epidermis .—The outermost part of the epidermis, or cutis, 
is a thin homogeneous layer secreted by the epithelial cells. 
The epidermal epithelium is composed for the most part of two 
kinds of cells, the supporting cells and the sensory cells. The 
supporting cells are the most abundant and they make the great¬ 
est bulk of the epidermis. They are usually columnar cells 
tapering toward the connective-tissue layer (Plate 8, figs. 11, 
12). In addition to these there are a few clear glandular cells 
in the region of the tentacles. It is believed that this third kind 
of cell is similar to the gland cells identified by Clark (1907) 
in the epithelial cells of Mnlpadidav The epidermal layer in 
the distal part of the branches of the tentacles is much thicker 
than that of the side. It is about 40 microns in thickness 
as compared with that of the .side which is only about 18 microns 
thick (Plate 7, fig. 2). This is due to the greater number of the 
supporting and sensory cells. Most of the sensory cells are 
spindle in form (Plate 8, figs. 11, 12). Each of the minute 
branches of the tentacle is really an association of these sensory 
cells with some supporting cells similar to the touch papillae in 
Molpadkhe as found by Clark (1907). 

Connccticc-tissue layer .—The connective-tissue layer forms 
the greater part of the body wall (Plate 9). Unlike that of 



37, s Siviclcis and Domantay: Morphology of Stichopus 305 

other holothurians, the thickness of this layer is practically 
uniform throughout. This is the layer in which most of the 
calcareous deposits are lodged. A small piece of this layer 
when examined fresh under the microscope reveals many con¬ 
nective-tissue fibers with some spheruliferous and oval corpus¬ 
cles (Plate 8, figs. 9, 10, 15). The oval corpuscles vary in size 
from 30 to 37 microns, while the spheruliferous are more or less 
uniform, about 23 microns in diameter. The connective-tissue 
fibers, like those of other holothurians, are prolongations of 
cells embedded in a homogeneous matrix. They are very long, 
and the ends are split into many fibrils. It is possible that 
many of the fibers may have no cellular connections because 
of the abundance and the length of fibers compared with the 
small number of cells. Histologically the superficial fibers are 
loose and spongy, filled with spheruliferous and oval corpus¬ 
cles, some pigment cells, and few spheruliferous wandering 
cells. The inner or deeper layer is closely filled with the fibers 
running almost parallel to each other. The nuclei of a few cells 
are seen among those fibers together with some corpuscles 
scattered in a limited number. In the tentacle in this particular 
layer are the supporting rods. The perpendicularly arranged 
muscular tubules are also found in this layer. These, however, 
are limited to the dorsal region. 

Muscular layer .—The circular-muscle layer runs almost com¬ 
pletely around the body cavity, except in the ambulaeral regions 
just external to the lining epithelium (Plates 6 and 9). It is 
uniform in thickness throughout, except at the approach of 
the cloacal opening where it becomes better developed and forms 
a sphincter. This sphincter partially closes and opens the anus 
during respiration, allowing the water to enter and leave the 
respiratory trees. 

The radial longitudinal muscles are arranged in pairs, one 
on each side of the radial water vessels. Anteriorly the paired 
bands of muscles are very close to each other, where they form 
a single tube attached to the radial plate of the calcareous ring 
(Plate 7, fig. 3). Posteriorly the muscles of each radial pair 
become reduced. They taper gradually until they terminate at 
the sphincter, aiding the latter in the opening and the closing 
of the anus during the respiration. The median edges of the 
paired, radial, longitudinal muscles are attached to the lateral 
wall of the radial water canal, while the outer edges are free 
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(Plate 7, fig. 1; Plate 9). The entire ventral side of this mus¬ 
cle layer is attached by connective-tissue strands to the circular- 
muscle layer (Plate 10, fig. 4). 

Lining epithelium .—The inner epithelium, commonly called 
the ccelomic epithelium, is the innermost layer of the body wall. 
It is composed of flat polygonal cells. It lines the circular and 
radial longitudinal muscles as well as the radial water canal 
and the ampulla? of the tube feet (Plate 7, fig. 1; Plate 9). Its 
thickness is more or less uniform, about 18 microns, except at 
the ampulla? of the tube feet where it is composed of a single 
layer of flattened cells about 5 microns thick. 

THE BODY CAVITY 

The body cavity of S. chloronotus , like that of other holothu- 
rians, is spacious, extending from the oral disk to theposterior 
tip of the body without any marked separation into parts. 
Longitudinally the cavity is incompletely traversed by three mes¬ 
enteries, which suspend the three coils of the alimentary canal. 
These are the dorsomedian mesentery, suspending the stomach 
and the anterior portion of the small intestine; the lateral 
mesentery, supporting the rest of the small intestine; and the 
ventral mesentery, supporting the large intestine, or the pos¬ 
terior pait of the alimentary canal. Posteriorly it is traversed 
by strands of connective tissue with muscle fibers supporting 
the cloaca (Plate G). The body cavity is lined with a thin, 
flattened epithelium, which was described in connection with 
the body walls. The fluid content of the body cavity is largely 
water containing albuminous material with numerous amcebo- 
cytes (Cuenot, 1891), or wandering cells, (Durham, 1892) and 
some corpuscles (Plate 8, figs. 15, 16). Some of the corpuscles 
are similar to those found in the connective-tissue layer of the 
body wall. Since the body cavity is in constant communication 
with the water-vascular system through the madrepore body and 
the stone canal, it is thought that the fluid of the body cavity 
may be identical with that of the water-vascular system. 

TIIE WATER-VASCULAR SYSTEM 

The water-vascular system is composed of the circular canal, 
the five radial canals, the tentacular and ambulaeral canals with 
their ampulla?, the stone canal, and the madrepore body. 

The water-circular canal lies posterior to the calcareous ring 
around the pharynx and gives off five main radial vessels, which 
run to its inner surface (Plate 5, fig. 1; Plate 6). Unlike 
other holothurians, in this species the lumen of the circular 
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canal and the main radial vessels are large (about 5 millimeters 
in diameter), and their walls are thin. Both the circular and 
the main radial canals are attached to the outer wall of the phar¬ 
ynx and are supported by many connective-tissue strands with 
muscle fibers (Plate 6). The wall of the circular canal consists 
of four layers, as follows: An outer epithelial layer of cells 
which is continuous with the lining epithelium of the body cavity; 
a layer of connective tissue consisting chiefly of fibers containing 
a few wandering cells and rodlike spicules; a circular-muscle lay¬ 
er; and an internal epithelium of cilated cells (Plate 10, fig. 3). 
Close to the posterior part of the circular canal and partly 
related to it is the pharyngeal blood ring (Plate 5, figs. 1, 2; 
Plate 6). 

The five main radial vessels run anteriorly to the calcareous 
ring. They are largest at the place where they leave the circu¬ 
lar canal, but rapidly decrease in size by giving off four 
branches from which the tentacular canals are formed. The 
two pairs of branches are given off at different levels, and each 
branch supplies a tentacle as can be seen in Plate 5, fig. 1. Each 
of the radial canals runs forward under the median indented 
part of the radial piece of the calcareous ring (Plate 5, fig. 
1; Plate 7, fig. 3), then it bends outward and backward to the 
body wall along the inner side of the hyponeural canal extending 
posteriorly to the tip of the body where it terminates in a rudi¬ 
mentary ambulaeral appendage. Histologically the wall of the 
radial canal differs from the circular canal chiefly in the ab¬ 
sence of a circular-muscle layer. The tentacular canals, which 
are really the side branches of the radial canals, differ histo¬ 
logically from the ring canal in the presence of valves and a 
thin layer of longitudinal muscles. The same thing is true of 
the ampulla* of the tentacles, but their body layers are much 
thinner than those of the tentacular canal and they have no 
valves. In some of the tentacular ampulla* many dead wander¬ 
ing cells accumulate, which usually make the tips brownish 
black. These tentacular ampulla* art* backward extensions of 
the tentacular canals outside of the calcareous ring to which 
they are closely attached (Plate 5, fig. 1; Plate 6). They are 
prolonged considerably over the posterior margin of the circular 
canal and hang freely in the body cavity. Each of the five 
radial vessels gives off side branches known as ambulaeral ca¬ 
nals. The openings of these canals from the radial vessel are 
provided with tiny valves. In the median, ventral, radial ves¬ 
sel the ambulaeral canals lead to the tube feet and are known 
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as pedal canals (Plate 9). The medial ambulacral canals of 
the two ventrolateral radial vessels lead to the pedal canals, but 
the lateral ones lead to the papillae and are known as appendi¬ 
cular canals. The ambulacral canals of the two dorsolateral 
vessels lead to the appendicular canals. Each pedal and ap¬ 
pendicular canal is provided with a little ampulla which extends 
into the body cavity (Plate 9). Histologically the pedal and 
the appendicular canals are similar. Each has a connective- 
tissue layer, a longitudinal-muscle layer, and a lining epithelium. 

Aside from the five radial vessels, which arise from the cir¬ 
cular canal, there are four interradial tubes in the form of a 
dorsal stone canal and three Polian vesicles (Plate 5, fig. 1 ; 
Plate 6). The stone canal is an unbranched tube arising from 
the circular canal close to the pharyngeal blood ring in the me¬ 
dian dorsal interradius. It lies between the two layers of the 
dorsal mesentery. It appears as an irregular twisted tube, 
which runs forward and upward and terminates within the 
body cavity in a whitish heart-shaped madrepore body (Plate 
5, fig. 1 ; Plate 6). This madreporite is slightly concave on one 
side and convex on the other with a slightly pointed apex. The 
entire outer region is porous and covered with ciliated epithe¬ 
lial cells. Internally it is divided into chambers (Plate 11). 
The central cavity is directly continuous with the lumen of the 
stone canal and opens into the body cavity through the nume¬ 
rous pores. The madreporite is composed chiefly of closely in¬ 
terlocked, irregularly branching, calcareous bodies. The stone 
canal consists of connective tissue intermixed with calcareous 
bodies and covered externally with flat epithelium of the body 
cavity. Internally it is lined with conspicuous, columnar, ciliated 
cells (Plate 10, fig. 5; Plate 11). These cells are low and cu- 
boidal on one side, but on the opposite side they become much 
higher or columnar and bear prominent cilia as long as, or 
longer than, the height of the cells themselves (Plate 10, fig. 5). 

The Polian vesicles are usually three in number, although 
a few abnormal cases with a large number are recorded. 
Usually two of the three vesicles leave the circular canal at 
the left ventral interradius and one at the right ventral inter- 
radius (Plate 5, fig. 1; Plate 6). In some cases this condition 
may be reversed, two at the right and one at the left. One 
abnormality recorded is a large branched Polian vesicle at the 
left ventral interradius together with four rudimentary ones, 
three of which are at the right ventral interradius. The mi- 
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croscopic structure is similar to that of the circular canal, 
but the circular-muscle layer is thicker. 

The fluid contained in the water-vascular system, as pre¬ 
viously noted, appears to be the same as that of the body cavi¬ 
ty because of the close relation existing between the two 
through the madreporite. In the water-vascular fluid, however, 
there is a large number of corpuscles and wandering cells 
(amcebocytes). 

THE ALIMENTARY CANAL 

The mouth is a circular opening at the center of the oral 
disk, situated at the anteroventral end of the body (Plate 1, 
fig. 2). It has neither armature, teeth, nor papillae and is 
placed in the midst of the tentacular circlet. It is connected 
with the stomach by a straight, short, funnel-shaped tube which 
is considered as the pharynx by Clark (1907) and others. 
Some workers, for example Sedgwick (1909), consider it the 
ocsophabus. The anterior portion of the pharynx is somewhat 
larger than the posterior part and resembles an attenuated 
funnel. The pharynx may be completely closed anteriorly 
through the contraction of the well-developed sphincter muscles. 
Arising from its outer wall are numerous tiny connective-tissue 
strands with muscle fibers. These strands are impregnated 
with many rod-shaped spicules, which range from 37 to 92 mi¬ 
crons in length (Plate 3, figs. 6-8). Some of these strands of 
connective-tissue fibers, called suspensors (Gerould, 1896), 
attach the pharynx to the inner surface of the calcareous 
ring as well as to the circular and main radial canals. 
Posterior to the pharynx is the stomach, which is not 
distinctly marked off from the intestine (Plate 6). Next to 
the stomach is the intestine. The first half of the intestine 
corresponds to the vertebrate small intestine and extends pos¬ 
teriorly and then turns forward and extends to almost near 
the anterior end of the body cavity (Plate 6). Here it bends 
backward ventrally to form the large intestine. It extends 
posteriorly to the cloaca, which opens through the anus at the 
hind end (Plate 6). The hinder part of the large intestine is 
rather abruptly enlarged where it forms the cloaca and receives 
the respiratory trees (Plate 6). The alimentary canal is at¬ 
tached to the body wall along its whole length by mesenteries, 
which according to some authors are derived mainly from the 
dorsal mesentery of the larva. This mesentery consists of a 
very thin sheet of connective tissue containing isolated muscle 
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fibers running in various directions and many spheruliferous 
corpuscles. The pharynx, the stomach, and the first part of 
the small intestine are attached to the body wall by the dorso- 
median mesentery to the dorsal interradius. At its first bend 
the mesentery passes across the left dorsolateral radius to the 
left lateral interradius where it supports the part of the small 
intestine running forward. At the second bend the mesentery 
passes across the intervening radii and interradii into the right 
ventral interradius where it supports the large intestine. The 
arrangement of mesenteries in general is similar to that de¬ 
scribed by Selenka (18G7). Both the lateral and the ventral 
mesenteries are perforated by many holes, which allow a con¬ 
tinuous llow of the body fluid. 

Histologically the wall of the alimentary canal is practically 
the same throughout. It consists of five layers, as follows: An 
outer layer, or epithelium, which is continuous with the lining 
epithelium of the body cavity, corresponding to the visceral 
peritoneum of vertebrates; a thin outer layer of connective tis¬ 
sue; a muscular layer composed of circular- and longitudinal- 
muscle fibers; a thick inner layer of connective tissue; and 
a lining epithelium corresponding to the mucosa of vertebrates 
(Plate 10, figs. 2, 6). 

The relative thickness of these layers, however, differs in 
various parts of the alimentary canal. The muscle layer of 
the pharynx at the posterior part contains longitudinal fibers 
within the circular series. The inner, thicker, connective-tissue 
layer is impregnated with many rod-shaped spicules, which 
range from 56 to 94 microns in length. The epithelial lining 
of the pharynx is thrown into longitudinal folds and is covered 
by a delicate cuticle. 

In the wall of the stomach both the circular- and the longi¬ 
tudinal-muscle layers are well developed. The inner connec¬ 
tive-tissue layer is vacuolated and is provided with X-shaped 
spicules 50 to 74 microns in height (Plate 3, figs. 10-15). The 
lining epithelium consists of columnar epithelial and gland 
cells. This layer is thrown into prominent longitudinal folds 
at the lateral and dorsal side of the stomach. These folds are 
absent on the ventral side. 

In the small as well as in the large intestine the longitudinal- 
muscle fibers are poorly developed. A few bundles of these 
fibers are entangled within the outer reticular part of the inner 
connective-tissue layer (Plate 10, fig. 2). The circular-muscle 
layer, however, is well developed. The inner connective-tissue 
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layer of the small and the large intestine is thick and is divisible 
into two regions; namely, an outer, vacuolated, reticular layer 
with coarse fibers and in inner, homogeneous, fibrous layer with 
finer fibers (Plate 10, fig. 2). This connective-tissue layer of 
the intestine is provided with X-shaped and rod-shaped spic¬ 
ules. The lining epithelium is composed of columnar cells 
(Plate 10, figs. 2, 6). It differs from that of the anterior 
portion of the canal in having no gland cells. It is also thrown 
into longitudinal folds, which are not as prominent as those 
in the stomach. The folds are more or less uniform in thickness 
all around, so that when the intestine is full of food material, 
the wall is usually distended and the contents are visible from 
all sides of the canal. 

Histologically the cloaca is similar to the other regions of the 
canal (Plate 10, fig. 6). The muscular layer is like that of the 
stomach. The inner connective-tissue layer is very thick and 
is composed of the same parts as that of the intestine. It pos¬ 
sesses a mixture of rod-shaped and ><-shaped spicules. The 
epithelial lining is similar to that of the intestine. Numerous 
strands of connective tissue with muscle fibers that are out¬ 
growths of the wall of the cloaca attach the cloaca to the body 
wall (Plate 10, fig. 6). These strands differ from the suspen- 
sors of the pharynx by the absence of spicules. Wandering 
cells of various forms are abundant in the internal epithelial 
layer throughout the alimentary canal. 

Stichopus chloronotus , unlike most of the species of holothu- 
rians, has no Cuvierian organ. 

THE RESPIRATORY TREES 

The respiratory trees, sometimes called branchial or gill 
trees, consist of two main branches, the left and the right. 
They arise from a short common trunk on the anterodorsal part 
of the cloaca (Plate 6). Each main branch consists of a single 
main tube, which bears numerous conspicuous lateral outgrowths 
and extends forward close to the calcareous ring. In a few 
cases the left branch is longer than the right, although nor¬ 
mally the two arc practically of equal length. The greatest 
portion of the left branch is in close relation with the blood 
plexus of the dorsal intestinal vessel (see below). The right 
one is usually free in the body cavity, thus differing from 
other holothurians where it is closely attached to the body wall. 
The bulbular ends of the lateral outgrowth when examined 
fresh under the microscope can be seen to contract and relax. 
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This contraction and relaxation is associated with the incoming 
and outgoing of water through the anus during the process of 
respiration and is possibly caused by the alternate contractions 
of the circular- and longitudinal-muscle layers of the system. 
The water that is taken in through the anus is forced into the 
finest branches, which end in small enlargements, or bulbs. 
From these the water diffuses through the walls into the body 
cavity. 

The respiratory tree is an outgrowth of the intestine and his¬ 
tologically is similar to it (Plate 10, fig. 1). The outermost layer 
is a thin epithelium, composed of fiat and irregular polygonal 
cells outside a thin layer of connective tissue. Below the latter 
is the muscular layer, composed of circular and longitudinal 
muscle. Following the muscular layer is a thick connective tis¬ 
sue, which is vacuolated and impregnated with complex rosette¬ 
shaped spicules ranging from 110 to 100 microns in width (Plate 
4, figs. 5, 6). These spicules are found only in the main trunks 
of the left and the right respiratory trees and are practically 
absent in the lateral branches. The last layer is the lining epi¬ 
thelium, composed of euboidal epithelial cells. In the lumen, in 
some sections, are numerous wandering cells. There are no 
openings by which the cavity of the bulbular ends or ampullae 
of the respiratory trees could communicate directly with the 
body cavity. 

THE II>EMAL SYSTEM 

The principal parts of the haemal, or blood, system of S. 
chloronotm are the pharyngeal blood ring, the dorsal and ven¬ 
tral intestinal vessels, the radial peri haemal canals, and the 
lacunar spaces. The pharyngeal blood ring, which forms the 
center of the system, lies immediately behind the water-ring 
canal (Plate 5, fig. 1; Plate 6). Histologically it does not have 
the appearance of a blood ring as its lumen is divided into 
many chambers (Plate 5, fig. 2). Its wall is made up of con¬ 
nective tissue with few rodlike spicules and spheruliferous 
wandering cells (Plate 4). Within the chamber, however, there 
are groups of many blood corpuscles and few wandering cells. 
The blood corpuscles are practically uniform in size and shape 
(Plate 8, figs. 17, 18). They are circular and measure about 
2 to microns. Some of the chambers communicate with the 
water-ring canal and others with the peripharyngeal sinus. This 
affords a chance for the wandering cells to get into the cham¬ 
bers of the pharyngeal blood ring together with the blood 
corpuscles. 
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The dorsal intestinal vessel lies at the line of union of the 
dorsal mesentery and the alimentary canal, while the ventral 
vessel lies on the opposite side. The two vessels are quite dis¬ 
tinct from the canal and are connected to the lacunar spaces 
of the latter only by numerous short cross vessels forming a 
plexus called “rete mirabile” by Sedgwick (1909). The rete 
mirabile of the dorsal intestinal vessels in the region of the stom¬ 
ach and the first part of the small intestine is a typical plexus 
along the vessel giving off uniform parallel short cross vessels 
to the lacunar spaces of the alimentary canal (Plate 6). In 
the region of the last part of the small intestine the dorsal ves¬ 
sel gives off numerous long fine branches forming a great 
plexus which almost entirely inwraps the left respiratory tree 
(Plate 0). There is a close relationship between the plexus 
and the branches of the respiratory tree, the latter being in¬ 
closed or surrounded by the former (Plate 4, tig. 3). Beyond 
this the main vessel runs posteriorly and gives off several 
shorter and stouter cross vessels to the intestine. Then it lies 
very close to the canal in the region of the large intestine and 
disappears into lacunar spaces. 

The ventral haemal vessel passes from the pharyngeal blood 
ring to the posterior part of the alimentary canal without 
forming a plexus with the respiratory tree. In the lirst two- 
thirds of the vessel, in the region of the small intestine, a large 
cross vessel connects the anterior and the middle part of the 
vessel (Plate 6). Posteriorly, in the region of the large intes¬ 
tine, the main vessel becomes smaller, lies close to the canal, 
and terminates in lacunar spaces. 

As in other holothurians belonging to the same order there 
are live radial perilnemal canals. In the diagram of the cross 
section of the body wall through the radial nerve cord and its 
accompanying vessels (Plate 9, fig. 35) the axial space between 
the outer wall of the radial water canal and the deep oral sys¬ 
tem of the radial nerve cord is the perihsemal sinus. 

The gonads are directly supplied with blood from the pha¬ 
ryngeal blood ring (Plate 6). 

Externally the blood vessels appear like true vessels, but 
histological examination shows that they are filled with cells 
and strands of connective tissue with the blood corpuscles be¬ 
tween these strands (Plate 1, fig. 2). Even those that have 
a lumen do not appear like true blood vessels. The wall is a 
structure not as sharply defined as that of the blood vessels of 
vertebrates. It is made up of loose strands of connective tis- 
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sue mixed with a few cells and surrounded by an outer, indis¬ 
tinct, muscular layer. The fluid within the system is a color¬ 
less plasma with occasional wandering cells. 

THE REPRODUCTIVE SYSTEM 

The reproductive system of S. choronotun consists of a genital 
duct and tufts of genital tubules. The duct opens to the ex¬ 
terior in the mid-dorsal interradius about 10 millimeters behind 
the tentacles (Plate 1, fig. 1). The duct that runs ventro- 
posteriorly from this genital opening into the dorsal mesentery 
up to the pharyngeal blood ring is not very distinct. It is 
usually much dilated and hidden in the mesentery. Beyond the 
pharyngeal blood ring, however, the duct can be seen distinctly 
within the dorsal mesentery. About 5 millimeters posterior to 
the blood ring it divides into two bundles of genital tubules 
(Plate 6). These bundles of genital tubules are located on 
both sides of the dorsal mesentery, and each of them consists 
of four to seven, or even more, genital tubules hanging freely 
in the body cavity. They branch dichotomously into smaller 
branches and extend sometimes as far as the posterior part of 
the body cavity. Some of them may interlock with the smaller 
branches of the respiratory trees. 

The wall of the gonads (testis or ovary) is made up of the 
usual peritoneal epithelium, a thin layer of circular muscle fibers, 
a layer of connective tissue with some lacunar spaces, and an 
inner germinal epithelium which is scattered in more or less 
irregular masses (Plate 4, figs. 1, 4). The germinal epithelium 
produces either sperms or eggs, as the case may be, the sexes 
being separate. Externally there is not much difference be¬ 
tween the testis and the ovary. The eggs are typical echinoderm 
eggs. The mature unfertilized egg is from 55 to 112 microns 
long; it has a large clear nucleus and one prominent nucleolus 
(Plate 4, fig. 1). The immature eggs within the ovary are 
suspended by a delicate membrane from the germinal epithelium 
and are really within the egg follicles. The sperm cell is minute, 
approximately 1 micron in length. The mature sperm when 
seen under an oil-immersion lens appears as a pear-shaped body 
with a short tail, free within the lumen of the tubule. Younger 
male germ cells in early stages of spermatogenesis are usually 
found grouped together within the germinal epithelium (Plate 
4, fig. 4). 
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THE NERVOUS SYSTEM 

The nervous sytem of S. chloronotus is divided into two parts, 
the ectoneural ventral system and the deep oral system. The 
first consists of the circumoral nerve ring with the tentacular 
and buccopharyngeal nerves and the five radial, longitudinal, 
nerve cords with branches to the tube feet, the papillae, and the 
integument. The latter is composed of a double radial nerve 
band closely applied to the radial nerve cord of the ectoneural 
ventral system (Plate 7, fig. 1; Plate 9). 

The circumoral ring is flattened and is fairly prominent. It 
is about 1 millimeter wide and 0.2 millimeter thick. It lies 
beneath a connective-tissue layer immediately internal to the 
bases of the tentacles anterior to the calcareous ring (Plate 5, 
fig. 1). It gives rise to the tentacular nerves, which run for¬ 
ward on the inner face of the stalk of each tentacle, forming 
a wide sheet. It is thickest near its base and smallest at its 
distal part. This gives off fibers directly to the sensory part of 
the tentacles. Some isolated fibers find their way to individual 
neuroepithelial cells. The buccopharyngeal nerves extend radi¬ 
ally inward from the nerve ring to the buccal sphincter mus¬ 
cles, then turn backward along the pharynx. They innervate 
the muscles and the epithelium of the pharynx. 

The radial nerves form a thick outer cord as a part of the 
ectoneural ventral system and two thin closely attached inner 
bands as a part of the deep oral system. The thick outer por¬ 
tion is considered to be the sensory center and the thin inner 
portion a motor center (Herouard, 1887). The inner bands 
anteriorly divide and subdivide into branches and innervate the 
neighboring longitudinal and circular muscles and also send 
nerves to the tube feet. The outer cord runs posteriorly as far 
as the cloaca! opening and gives off branches to the tube feet, as 
pedal nerves, and also to the papilla; and the integument. The 
side branches of the radial nerve cord are of two groups. Those 
of one group run to the interradius where they constitute a 
true plexus, homologous with the superficial plexus of the test 
of the sea urchin (Herouard, 1887) ; those of the other group 
run along the ambulacral tube and innervate the walls of the 
tube feet and the papilla; (Plate 9, fig. 35). Each radial nerve 
is accompanied by a tubelike cavity, closed at both ends, called 
the hyponeural canal on its inner side and the epineural canal 
on its outer side (Plate 7, fig. 1; Plate 9). The latter extends 
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to the upper and the inner side of the circumoral nerve ring and 
on the inner side of the tentacular nerve. 

THE SENSE ORGANS 

The tentacles constitute the principal organs of touch, al¬ 
though the tube feet may also function as such (Plate 1, figs. 1, 
2). Sensory nerve cells that are the immediate seat of tactile 
sensations are scattered all over the epithelial covering of the 
body. They are most abundant in the extremities of the ten¬ 
tacular branches (Plate 7, fig. 2). 

PARASITES 

Stick opus chloronotm at Puerto Galera often harbors a com¬ 
mensal fish, Fierasfer homei Richardson (Plate 1, fig. 3). 1 A 
similar fish inhabits the body cavity of Holothurui tnmnmifera 
(Kent, 1893). The colored drawing given by Kent (his fig. 10, 
Chromo XII) is similar in external appearance to the commensal 
fish that seeks shelter in S. chloronotm , but of a different spe¬ 
cies. Fishes of the same genus have also been reported by Kent 
(1893) to live in the mantel cavity of Meleagrina niargarilifera. 

Stichopus chloronotus shelters other commensal animals. 
Among these is an annelid, a species of Gastrolepidia, whose 
color closely approximates that of its host and whose form en¬ 
ables it to retain its position even against a considerable effort 
to detach it (Clark, 1921). Another one, reported by Kent 
(1893), is a species of flat large-scaled worm, closely allied to 
Polynoe setosa, which clings closely to the integument in the 
interspaces between the projecting papillae; one of the Puerto 
Galera specimens were found with similar animals. In life it 
can be scarcely detected owing to is perfectly harmonizing colors. 
The Puerto Galera and Lingayen Gulf specimens are not entirely 
free from such or similar parasites. 

The intestines of almost all the specimens of S. cMoronotnx 
collected in 1926 show intestinal appendages in the form of 
long tubules (Plate 8, fig. 7). The tubules arc double walled, 
and within the inner tube are many microscopic, embrvolike 
organisms that apparently are parasites (Plate 8, fig. 8). An 
examination under an oil-immersion lens shows that these 
organisms are made up of amoeboid cells with clear cytoplasm 
and reticular nuclei. The greatest portion of this organism is 
made up of granules which do not show any indication of being 

‘ Identified by Mr. II. R. Montalban, of the Bureau of Science, Manila. 
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cells (Plate 8, fig. 8). The nature of these intestinal append¬ 
ages needs further investigation. 

J. Muller (1852) mentioned the development of testaceous 
gasteropods within a peculiar tube attached to the intestinal 
vessels of Syria pt a digitata. Baur (1861), on the same problem, 
demonstrated that the molluseigerous sac is an organism com¬ 
plete in itself that is called lid icosyrinx parasitica . The ones 
found in S. chloronotus are different from those described by 
Muller and Baur, and they are reported here simply because 
they constitute a puzzling problem for the morphology work¬ 
er, especially in the beginning stages of the work. 

DISCUSSION 

Although Stichopus chloronotus has been studied by several 
workers their descriptions are brief and incomplete. They 
all agree oil the general body form, the arrangement of the 
papilhe and the tube feet, the number of tentacles, the Polian 
vesicles, the stone canal, and the presence of certain body spi¬ 
cules. They differ, however, in the description of the body color. 
The differences in the colors of the animals described may be 
due to differences in the localities from which they were obtained 
and to the difference in the condition of the animals when de¬ 
scribed. Those obtained from different localities vary from each 
other, showing that different environmental condition affect the 
color of the animal. Stichopus chloronotus described by most of 
the workers were preserved specimens whose color must have 
changed as a result of preservation. Theel (1886) said that 
his specimens were contracted and wrinkled showing that they 
had been preserved for sometime. Fisher (1907) also must 
have described preserved specimens as the color he gave is the 
same as that of Theel, which is olive-brown, the actual color 
usually associated with the specimens when preserved in 10 per 
cent formalin. 

The list of types of spicules as found and described by most 
of the authors is not complete. Although Theel and Fisher 
mentioned many types of spicules, they left many unmentioned 
and undescribed. The large quadrangular supporting rods 
(Plate 2, tigs. 1-8) and large tables (Plate 2, figs. 5-9) found 
in the wall of the stalk of the tentacles were never mentioned. 
It is likely that these types of spicules were overlooked by them, 
or possibly they are peculiar to the Puerto Galera form. Pre¬ 
vious workers made no mention of the spicules of the internal 
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organs, like the rod-shaped deposites in the walls of the alimen¬ 
tary canal, the water-circular canal, the Polian vesicles, the 
suspensors of the pharynx, etc.; the X-shaped and ><-shaped 
spicules in the walls of the alimentary canal, and the rosette¬ 
shaped spicules in the main respiratory tree trunks. All types 
of spicules previously reported are found in Puerto Galera speci¬ 
mens. Some of the spicules of S. chloronotus are similar to 
those of S . tropicalis Fisher, S. variegatus Semper, and others 
of the same genus. The C-shaped spicules (Plate 2, figs. 30, 
31), the simple tables (Plate 2, figs. 22-29), and the spinous 
supporting rods of the pedicel (Plate 3, figs. 16-19) appear to 
be present in most of them. 

It is probable that some of the spicules reported here for the 
first time are absent in the specimens described by Theel (1886), 
Fisher (1907), and several others. Fisher reported that the 
rosettes, which Theel found in his specimens, were not present 
in the Hawaiian form. The spicules in the tentacles of S. chlo- 
ronotu# may be easily overlooked in preserved specimens in 
which the tentacles are usually retracted inside the buccal cavity. 
In such specimens the tentacles cannot be very well exposed 
for spicule examination. The spicules in the form of large 
tables (Plate 2, figs. 5-9), which are located in the proximal 
part of the stalks of the tentacles, would certainly be overlooked 
in the contracted form. The large quadrangular supporting 
rods, however, cannot be missed if the tentacles are examined 
microscopically, because they lie just posterior to the expanded 
part of the tentacle. 

The length of time the specimens are preserved in formalin 
must also be taken into consideration. The slight acidity of 
formalin, which is usually used for preservation, is high 
enough to dissolve many spicules. The longer they are pre¬ 
served the fewer spicules can be found. One specimen of S. 
chloronotus , collected at Puerto Galera in 1912, was found to 
possess all the different organs with the exception of the calca¬ 
reous deposits. Not a single spicule was left. The color of the 
body became entirely bleached. 

With the exception of some slight variations, the general 
plan of the different systems of the body is similar to those 
of the holothurians belonging to the same order. 

Semper (1868) noted some muscular tubules traversing the 
connective-tissue layer of the body wall. lie stated that these 
tubules are connected to the radial canal. Gerould (1896) 
found that these muscular tubules in Caudina arenata are direct- 
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ly continuous with the transverse or circular muscles of the body 
wall. In S. chloronotus these muscular tubules appear to be 
outgrowths of the circular muscles similar to Caudina arenata 
as found by Gerould. However, the muscular tubules in the 
species under discussion are found only in the dorsal ambulacral 
regions. They resemble regular vessels with some cells with¬ 
in the lumen. If these muscular tubules are true outer exten¬ 
sions of the circular muscles, it would be interesting to find 
out why the muscle fibers are arranged in the form of hollow 
cylinders with cells within the lumen. Gerould may be right 
in his explanation that these muscular tubules may be rudimen¬ 
tary ambulacral vessels whose central ends have lost their prim- 
itive connection with the radial canal and which become united 
secondarily to the transverse muscles of the body wall. 

Gerould (189G) said that in C. arenas the longitudinal mus¬ 
cle fibers in the cloaca are entirely absent, while Clark (1907) 
stated that they are functionally replaced by about twenty iso¬ 
lated, irregularly arranged, small, longitudinal muscles lying 
outside the circular-muscle layer. In S. chloronotus both cir¬ 
cular- and longitudinal-muscle layers are found. Contrary to 
Clark’s findings, the longitudinal muscle is within the circular- 
muscle layer. 

The arrangement of the muscle layers in the wall of the 
alimentary tube of Caudina is the same as in all Molpadiidae 
and Cucumariidse where the longitudinal-muscle fibers lie with¬ 
in the circular-muscle layer (Gerould, 1896). In Holothuria 
a similar arrangment of muscle layers is found in the regions 
of the pharynx and the stomach only. In the region of the 
small and the large intestine the longitudinal-muscle layer lies 
outside the layer of circular-muscle fibers (Hamann, 1884). In 
S. chloronotus the arrangement of the muscle layers agrees 
with that described by Gerould and others. 

In Cucmnaria frondosa the stomach lacks the inner connec¬ 
tive-tissue layer (Gerould, 1896). In C. cucumis and C. planet 
the inner connective-tissue layer is lacking in the pharynx and 
insignificant in the wall of the stomach (Hamann, 1896). In 
S. chloronotus, however, the inner connective-tissue layer is 
present in both pharynx and stomach. 

Semper (1868) found perforations at the tips of the lateral 
branches of the respiratory trees in S. variegatiis. Sluiter 
(1887) and Hamann (1884) found similar structures in other 
holothurians. Kingsley (1881) and Gerould (1896) were unable 
to find in Caudina any perforation at the tips of the branches 
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of the respiratory trees. Repeated attempts failed to show any 
perforations at the tips of the respiratory branches in S. 
chloronotus. 

Gerould (1896) found a single layer of muscle fibers in the 
muscular layer of the respiratory tree. He said that the mus¬ 
cle fibers run in all directions parallel to the surface. This was 
confirmed by Jourdan (1883) on Cucttmaria planci . In Holo- 
t tin Ha tuhnlosa , Semper (1886) and Hamann (1884) found two 
layers, corresponding to those of the intestine; namely, an in¬ 
ner layer of longitudinal fibers and an outer one of circular 
fibers. In S. chloronotus two layers of muscle fibers are found. 

Jourdan (1883) did not recognize that the radial nerve is 
made up of an outer and an inner band. Hamann (1883-84) 
denied the existence of the connective-tissue partition between 
the two parts of the radial nerve cord. Semper (1868), He- 
rouard (1887), Gerould (1896), Clark (1907), and Sedgwick 
(1909) recognized the inner and the outer part of the radial 
nerve cord. The inner part is said to be the deep oral system, 
and the outer is said to be a part of the ectoneural ventral 
system. Not all of them, however, recognized the fact that the 
inner part is double. Semper in his work on some holothu- 
rians showed the double parts of the deep oral system. Sedg¬ 
wick (1909) mentioned it as being obscurely double. Two thin 
bands of the deep oral system are found in S. chloronotm , thus 
agreeing with the findings of Semper. 

The five radial neural canals lying immediately below the 
five radial nerves were first found by Semper (1868). They 
were also noted by Theel (1882), Hamann (1884), Ilerouard 
(1889), Gerould (1896), Clark (1907), and others, so that the 
presence has been satisfactorily demonstrated throughout the 
whole group of Ilolothuroidea. These canals were called “pseu- 
dohiemal” by Hamann and "canal sous-nervien” by Ilerouard. 
Gerould proposed the term "hyponeural.” Semper found that 
in Holothuriidai these canals terminated blindly behind the 
nerve ring. The same is true in Cucumariidse (Herouard) and 
in Cawiina (Gerould). In S. chloronotm these hyponeural ca¬ 
nals are also present and terminate blindly behind the nerve 
ring. 

Similar canals are found on the outer part of the radial nerve 
cord and are called “epineural” by all investigators. They are 
generally regarded, however, as the result of an artificial sepa¬ 
ration of the external face of the radial nerve from the con- 
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nective-tissuc layer of the body wall. Herouard (1889) and 
Gerould (1896), however, stated that these epineural canals are 
not the result of artificial breaks between the nervous and the 
connective tissue, but are normal cavities. In S. chloronotus 
these canals are also normal cavities as they are lined with 
regular epithelial cells. It is the opinion ol* Gerould that these 
canals are filled with a fluid similar to that found in the body 
cavity, which possibly protects the nervous system against in¬ 
juries incident to violent contractions of the body wall. 

SUMMARY 

Stichopus chloronotus Brandt, collected from Puerto Galera, 
Mindoro, and Hundred Islands, Pangasinan Province, Luzon, 
Philippine Islands, ranges from 200 to 400 millimeters in length. 
It is deep blue or almost black, with the tips of the papilla* 
slightly lighter in color. Usually it has twenty tentacles, but 
sometimes it may have eighteen or nineteen. Its calcareous de¬ 
posits are C-shaped, rosette, simple and complex tables, simple 
or branched rods, large quadrangular supporting rods, and sup¬ 
porting sieve plates. 

The body wall consists of five parts; namely, the epidermis, 
the connective-tissue layer, the circular-muscle layer, the lon¬ 
gitudinal radial muscles, and the lining epithelium. The body 
cavity is incompletely traversed by three mesenteries, which 
suspend the three coils of the alimentary canal. 

The water-vascular system is made up of the circular canal, 
the five radial canals, the tentacular and ambulacra! canals with 
their ampullae, the stone canal, and the madrepore body. The 
madreporite opens by numerous pores to the body cavity, thus 
making the fluid contents of the water-vascular system and that 
of the body cavity identical with each other. 

The alimentary canal is composed of mouth, pharynx, stom¬ 
ach, small and largo intestines, cloaca, and anus. The stomach, 
the small intestine, and the large intestine arc not distinctly 
marked off from each other. Histologically, the wall of the ali¬ 
mentary canal consists of five layers, as follows: An outer layer 
of epithelium, a thin outer layer of connective tissue, a muscular 
layer composed of circular- and longitudinal-muscle fibers, a thick 
inner layer of connective tissue, and a lining epithelium. 

The respiratory system is composed of two respiratory trees, 
which arise from a short common trunk on the anterior dorsal 
part of the cloaca. The left one is in close relationship with the 
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blood plexus of the dorsal, intestinal, haemal vessel. The res¬ 
piratory tree is an outgrowth of the intestine, and it is histologi¬ 
cally similar to it. 

The principal parts of the haemal, or blood, system are the pha¬ 
ryngeal blood ring, the dorsal and ventral intestinal vessels, the 
radial perihaemal canals, and the lacunar spaces. The pharyn¬ 
geal blood ring is posterior to the water circular canal. The 
two intestinal vessels are distinct from each other and are con¬ 
nected with the lacunar spaces of the alimentary canal by rete 
mirabile. 

The reproductive system consists of a genital duct and tufts 
of genital tubules. The duct opens to the exterior in the mid¬ 
dorsal interradius about 10 millimeters behind the tentacles. 
The wall of the gonads is made up of peritoneal epithelium, a thin 
layer of circular-muscle fiber, a layer of connective tissue, and 
an inner germinal epithelium. The sexes are always separate. 

The nervous system is divided into the ectoneural ventral 
system and the deep oral system. The first consists of a cir- 
cumoral nerve ring, which gives rise to the tentacular and buc¬ 
copharyngeal nerves, and to five radial nerve cords with branches 
to the tube feet, the papillae, and the integument. The second 
is composed of double radial nerve bands closely applied to the 
radial nerve cord of the ectoneural ventral system. The princi¬ 
pal sense organs are the tentacles, although some sensory nerve 
cells are found scattered all over the covering epithelium of 
the body. 
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ILLUSTRATIONS 


Plate 1 

Fig. 1. Stichopus chloronotus Brandt, dorsolateral view. 
go, genital opening. 
t, tentacles. 
tf , tube feet. 
dip, dorsolateral papillae. 
vlp , ventrolateral papilla?. 
dia, dorsal interambulacrum. 
lift, lateral interambulacrum. 
an, anus. 

2. Stichopu8 chloronotus Brandt, anterovcntral view. 

t, tentacle. 
op, oral papilla. 
st, stalk of tentacle. 
m, mouth. 
p, papilla. 
tf, tube feet. 

via, venti'al interambulacrum. 

3. Ficrasfer homei Richardson, lateral view. This fish is commensal 

with S. chloronotus. 

Plates 2 to 11 illustrate the internal anatomy of Stichopus chloronotus 

Brandt. 

Plate 2 

Fig. 1. Large .straight quadrangular rod; actual length, 79G microns. 

2. Large curved quadrangular rod; actual length, (>47 microns. 

3. Small curved quadrangular rod; actual length, 185 microns. 

4. Small straight quadrangular rod; actual length, 92 microns. 

5. Side view of large table with four pillars; actual height, 

74 microns. 

G. Ventrolateral view of large table with six pillars; actual height, 
ill microns. 

7. Dorsolateral view of large table with six pillars; actual height, 

5G microns. 

8. Dorsal view of large table with six pillars, actual diameter of 

edge, 5G microns. 

9. Lateral view of large table with six pillars; actual height, 148 

microns. 

10. Small sievelike rosette; largest: diameter, 33 microns. 

11. Large sievelike rosette; largest diameter, 41 microns. 

12. Simple incomplete rosette; actual length, 130 microns. 

13. Rosettelike spicule; actual width, 37 microns. 
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14. Simple incomplete rosette; actual size, 37 microns. 

15. Simple incomplete rosette; actual length, 37 microns. 
lf>. Small sievelike rosette; largest diameter, 37 microns. 

17. Simple rosette; actual length, 37 microns. 

18. Simple rosette;, actual length, 37 microns. 

19. Rodlike spicule; actual length, 93 microns. 

20. Simple incomplete rosette; actual length, 56 microns. 

21. Wrenchlike spicule; actual length, 93 microns. 

22. Lateral view of a simple table found in the body wall; actual 

height, 37 microns. 

23. Modified simple table from the same region as fig. 22. 

24. Same as fig. 23, seen from a different angle; actual height, 37 

microns. 

25. Lateral view of a simple table with short pillars; actual height 

of pillars, 20 microns. 

26. Dorsal view of a simple table (compare fig. 22) ; actual width, 

30 microns. 

27. Base of a simple table (compare fig. 23) ; actual width, 37 mi¬ 

crons. 

28. More complex form of a base of a simple table; actual width, 

37 microns. 

29. Base of a simpler form of a simple table; actual width, 37 mi¬ 

crons. 

30. C shaped spicule of body wall; actual length of its longest axis, 37 

microns. 

31. Variation of C-shaped spicule of body wall. 

Platr 3 

Fig. 1. Supporting sieve plate at the margin of the tips of tube feet; 
actual measurement in its longest diameter, 252 microns. 

2. Supporting sieve plate at the central portion of the tips of tube 

feet; actual diameter, 222 microns. 

3. Branched spicule from the gonad; actual length, 92 microns. 

4. X-shaped spicule from the gonad; actual height, 111 microns. 

5. Rodlike spicule from the gonad; actual length, 111 microns. 

6. Small rod-shaped spicule from the suspensor of the pharynx; 

actual lengih, 37 microns. 

7. Variation of fig. 6; actual length, 63 microns. 

8. Variation of fig. 6; actual length, 92 microns. 

9. Variation of fig. 6; actual length, 92 microns. 

10. Rod-shaped spicule from the walls of the alimentary canal; ac¬ 

tual length, 130 microns. 

11. Branched spicule from the walls of the alimentary canal; actual 

length, 130 microns. 

12. Rod-shaped spicule from the walls of the alimentary canal; ac¬ 

tual length, 111 microns. 

13. X-shaped spicule from the walls of the alimentary canal; actual 

height, 99 microns. 

14. Y-shaped spicule from the walls of the alimentary canal; actual 

length, 130 microns. 
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15. Forked spicule from the walls of the alimentary canal; actual 

length, 148 microns. 

16. Spinous supporting rod of tube feet with sieve-plated ramifica¬ 

tions at the middle; actual length, 333 microns. 

17. Variation of fig. Ifi; actual length, 333 microns. 

18. Variation of fig. HI, with simple branch at the middle; actual 

length, 300 microns. 

10. Variation of fig. 16, with spinous processes at the middle; actual 
length, 350 microns. 

20. Portion of calcareous ring showing a radial piece and interradial 

pieces; acual height of the radial piece, 10 millimeters. 

21. Interradial piece of calcareous ring; actual height, 5 millimeters. 

Pi, ate 4 

Fig. 1. Small portion of a cross section of an ovary. 
rth, external epithelium. 
cm, circular muscle layer. 
ct, connective tissue. 

</<’, germinal epithelium. 
fc r follicular cell. 

2. Cross section of a blood vessel. 

eth, external epithelium, 
tn, indistinct muscle layer. 

cs, connective-tissue strand, 
sc, spheruliferous corpuscle. 
be, blood cell. 

3. Cross section of a small part of the hiemal-respiratory-tree plexus 

showing the intimate relationship between the vessel and the 
minute branches of the tree. 
bv, blood vessel. 
n:c, wandering cell. 

*/>, respiratory-tree branch. 

4. Cross section of testis. 

rth, external epithelium. 
cm, circular muscle. 

t/c, germ cells in their early stages of spermatogenesis. 

ct, connective tissue. 
yc, germinal epithelium, 
sc, spermatozoon. 

5. Small complex rosettelike spicule from the trunk of the respira¬ 

tory tree; actual diameter, 110 microns. 
f». Large complex losettelike spicule from the trunk of the respira¬ 
tory tret*; actual diameter, 190 microns. 

Plate 5 

Fig. 1. Inner surface of the* calcareous ring, circular water canal, and 
its branches. 

t, tentacle. 

stalk of tentacle. 
tn, tentacular nerve. 


2 a«r>os 8 
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nr, nerve ring, 
rr, calcareous ring. 
mp, madreporite. 
sc, stone canal. 
pi\ Polian vesicle. 
rwc, radial water canal. 
twc, tentacular water canal. 
fa, tentacular ampulla. 
mrw, main radial water canal. 
cwc, circular water canal. 
pr , pharyngeal blood ring. 

2. Small section of the pharynx and the. pharnygeal blood ring. 
ie t internal epithelium. 
up, suspensor of the pharynx. 

.s\ spicule. 

pi peripharyngeal sinus, 
pr, pharyngeal blood ring. 

jnv, communication between pharyngeal blood ring and wa¬ 
ter canal. 
be, blood cells. 
irr, circular water canal. 

pm, opening of Polian vesicle into circular water canal. 
pv, Polian vesicle, 
p, wall of pharynx. 

Plate (> 

A specimen opened along the dorsal interambulacrum showing the general 
anatomy. 

t, tentacle. 

la, tentacular ampulla. 
rr, calcareous ring. 
m, madrepore body. 

8, Huspcnsors. 
sc, stone canal. 
rw, circular water canal, 
pr, pharyngeal blood ring. 
pr, Polian vesicle. 
gd , genital duct. 
biv, body wall. 
g, gonad. 

rt, right respiratory tree. 
rw, radial water canal. 
fnt, longitudinal muscle. 
cm, circular muscle. 
rt, common respiratory-tree trunk. 
cl, cloaca, 
p, papilla. 
if, tube feet. 

If, left respiratory tree.. 
rhp, respiratory-hammi plexus. 
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cs , connective strands. 
a, anus. 

9, stomach. 

8t, small intestine. 
li, large intestine. 
dv, dorsal intestinal haemal vessel. 
vv, ventral intestinal haemal vessel. 
cv, cross-ventral intestinal haemal vessel. 

Plate 7 

Fig. 1. Cross section through the radial nerve cord and its accompanying 
vessels. 

Im, longitudinal muscle. 
rs, radial blood sinus, or perihiemal sinus. 
rw, radial water canal. 
he, hyponeural canal. 
mi, inner band of the deep oral system. 
mo, outer nerve hand of the deep oral system. 
me, radial nerve cord of the ectoneural ventral system. 
ep, epineural canal. 
cc, coelomic epithelium. 

ct, connective tissue. 

Ic, lacunar space. 

cm, circular muscle layer. 

2. Longitudinal section of a small portion of the tip of the tentacle. 

c, epithelium composed of mostly supporting and sensory cells, 
sc, spheruliferous corpuscle. 
tc, part of the tentacular canal. 
im, longitudinal muscle. 
ct, connective tissue. 

3. Inner surface of one ambulacrum showing the longitudinal muscle 

and its relation to the radial piece of the caleerous ring. 
rw, radial water canal. 
tc, tentacular canal. 
cr, calcareous ring. 

Im, longitudinal muscle. 
cm, circular muscle. 
e, sphincter. 

Plate 8 

Fig. 1. Fragment of the calcareous ring; actual length, 71 microns. 

2. Variation of tig. 1; actual length, 150 microns. 

3. Variation of tig. 1; actual length, 111 microns. 

4. Variation of fig. 1 ; actual length, 37 microns. 

5. Variation of tig. 1 ; actual length, 150 microns. 

0. Variation of tig. 1 ; actual length, 150 microns. 

7. Small portion of the large intestine, showing the intestinal append¬ 
ages caused by a parasite. 
iic, intestinal wall. 
ia, intestinal appendage* 
dv, dorsal intestinal haemal vessel. 
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8. Longitudinal section of one mature intestinal appendage. 
at, wall of outer tubule. 
it, wall of inner tubule. 
co, embryolike organism. 
gr , granules. 
ar, amoeboid cell. 
wc, wandering cell. 
me, mesenchyme cell. 

y. Oval corpuscle from the wall of the alimentary canal; actual length, 
18.5 microns. 

10. Variation of fig. 0, from the body wall; actual length, MO microns. 

11. Sensory cell from the tentacle; actual length, 18 microns. 

12. Similar cell from the body wall; actual length, 18 microns. 

IM. Supporting cell from the tentacle; actual height, 25 microns. 

14. Supporting cell from the body wall; actual height, 20 microns. 

15. Spheruliferous corpuscle from the body wall; actual length in its 

longest axis, 22 microns. 

10. Spheruliferous wandering cell from the body wall; actual length, 
M7 microns. 

17. Blood corpuscle; actual diameter, M microns. 

18. Variation of fig. 17; actual diameter, M microns. 

Platk !> 

Diagram of the cross section of the body wall through the median ventral 
ambulacrum. 

cm, circular muscle. 

Im , longitudinal muscle. 
ep, epineural canal. 
me, radial water canal. 

mi, inner nerve band of the deep oral system. 

mo, outer nerve band of the same system. 

me, radial nerve cord of the ectoneural ventral system. 

rs, radial blood sinus. 
he, hyponeural canal. 

r, valves of the opening of the radial water canal into an 
ambulaeral canal. 
ac, ambulaeral canal. 
pn, pedal nerve, 
re, eudomic epithelium. 
pa, pedal ampulla. 
cd, epidermis. 

rt, connective tissue. 
st, simple table. 

sr, spheruliferous corpuscle. 
tip, C-shaped spicule. 
pm, pedal longitudinal muscle. 
pr, pedal canal. 

s/>, action of supporting sieve plate. 
sr, section of supporting spinous rods. 
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Plate 10 

Fig. 1. Low-power drawing of the cross section of a respiratory-tree trunk. 

lb, lateral branch. 

ee, external epithelium. 
cm, circular muscle. 
bn, longitudinal muscle. 
ct, inner connective-tissue layer. 
oct, outer connective-tissue layer. 
ie, internal epithelium. 
sp, section of rosettelike spicule. 

2. Small portion of a cross section of the intestine showing a bud of 

the intestinal appendage. 

Im, longitudinal muscle. 
ia, intestinal appendicular hud. 
ee, external epithelium. 
act, outer connective-tissue layer. 
cm, circular muscle. 

irti, outer vacuolated and reticular part of the inner connective* 
tissue layer. 

ich, inner homogeneous fibrous part of the inner connective- 
tissue layer. 

■ie, internal epithelium. 
sc, spheruliferous corpuscle. 

3. Cross section of the circular water canal. 

c, cilia. 

ie, internal epithelium. 
an, circular muscle. 
ct, connective tissue. 
re, external epithelium. 
ivc, wandering cell. 
up, rod like spicule. 

4. Longitudinal section of a small part of the body wall through the 

longitudinal-muscle band. 
cc, ecelomic epithelium. 
hn, longitudinal muscle. 

cs, connective-tissue strand. 

lc, lacunar space. 
cm, circular muscle. 

ct, connective tissue*. 

f). Cross section of the stone canal. 

dm, part of dorsal mesentery, 
cei, columnar internal epithelium, 
rr-j, euboidal internal epithelium. 
c, cilia. 

cb, calcareous bodies. 
ct, connective tissue. 

t». Small portion of a cross section of the cloaca, 
cs, connective-tissue strand. 
ee, external epithelium. 
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oct, outer connective-tissue layer. 
cm, circular muscle. 

hn, longitudinal muscle. 

ct, inner connective-tissue layer. 

ie, internal epithelium. 

sc , spheruliferous corpuscle. 
cc, connective-tissue cell. 

Platk 11 

Longitudinal section of madrepore body. 

ch, chamber of the madrepore body. 
c, cilia. 

ec, external epithelium 
p, pore. 

stc, stone canal. 
dm, dorsal mesentery. 
cb , calcareous bodies 
ct, connective tissue. 
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LEPTOCI11LUS AND GENERA CONFUSED WITH IT 

By Edwin Bingham Copeland 
Of Chico , California 

THIRTY-TWO PLATES AND FIFTY-TWO TEXT KIGl’KKS 

The reaction from the purely descriptive attitude in fern 
taxonomy, exemplified by the yen us AcrosUchum of Hooker’s 
Species Filieum and the Synopsis Filicum of Hooker and Baker, 
found its first general expression in the treatment of the Poly- 
podiaceie by Diels in the Natiirlichen Pflanzenfamilien. Many 
of the natural genera found independent places in this work, 
but a large and unnatural genus Gymnoptcris still survived. 
In Christensen’s invaluable Index this was practically unchanged 
except in name, becoming Leplochttus. The purpose of the 
present study is the recognition of the natural groups still com¬ 
bined here in the two great works just referred to, and a mono¬ 
graphic treatment of some of the natural genera. It is nearly 
a quarter of a century since I began to recognize these natural 
groups, describing Chrixtioptrriti, reviving Gomuuramma, and 
accepting Hemiymmma. I was singularly slow to comprehend 
the identity of Cnmpunn; and, until this was done, any compre¬ 
hensive analysis was impossible. It is not presumed that this 
presentation is perfect, but it is confidently believed that it 
is a closer approximation to nature than were any of its prede¬ 
cessors. 

A work of this kind has two somewhat distinct phases. One 
is acquaintance with the ferns. As the words reasonably may 
be understood, I know the Philippine species well; which is a 
particular advantage in work with these groups, because several 
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of the critical problems demand just this knowledge for their 
solution. I know the Indian ferns from copious herbarium 
material; their treatment is, therefore, such as any botanist 
might prepare, if previously familiar with the genera. I know 
the African species only from scanty herbarium material; and 
treat them at all only because failure to do so would be likely 
to make the rest of the work less useful, the African and the 
Oriental species being congeneric. 

Because of a similar lack of familiarity with them, the Amer¬ 
ican ferns of late called Leptochilu.s are not considered. This 
only needs to be clear with regard to them: they are not, col¬ 
lectively, congeneric with the Old World species. I do not state 
that no American species represents an Old World genus, but 
the Old World acrostichoid genera in question have been evolved 
in the Old World from Old World ancestors with definite sori; 
and 1 know no evidence—such as we have, for example, in Pla- 
(jiogyria and Didymochlaena —that any of these younger genera 
have succeeded in crossing either the Pacific or the Atlantic 
Ocean. I do know that, as will be pointed out presently, at 
least a part of the American so-called Leptochilv s species have 
exclusively American non-acrostichoid relatives. 

The other phase of a work of this kind is the determination 
of the proper generic and specific names. 

In the course of this study a remarkable succession of nomen- 
chitorial complications has been encountered. These will be 
rioted as they arise, but merit some attention by themselves. It: 
seems to be a common belief that the botanists of the world 
follow one or the other of two sets of rules, but the fact is 
rather that most: botanists try to do so. It is a fairly unani¬ 
mous doctrine to-day that a species, in literature, must be es¬ 
tablished by its description, and that a genus must have a type 
or standard species; the usual way of selecting this species, 
when the author of the genus has not done so specifically, is to 
choose the first one listed by him. The proposition that a species 
must be typified by a specimen is approaching unanimous accep¬ 
tance in current practice. Without first going into more detail, 
let us try to apply the foregoing. 

The case of Lcptoclrilns itself is clear-cut. It was monotypic, 
and the identity of this type species has never been questioned. 
The trouble begins with the selection of generic names for the 
heterogeneous ferns that recent writers have called I,eptochilus. 

The oldest, if not most venerable, among the candidate names 
for the many ferns recently but improperly called Leptochilv< 
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is Poikilopteris, accredited to Eschweiler, as of 1827. The 
‘‘publication” is in a review, signed in parenthesis, and reads: 

The Synonymic is( hier sehr vorvollstamligt, die Kragweiso nngofuhrloh 
kdnnen wir meist bestiitigen, vorzuglich die Preslscheii Synunymen: so ist. 
Acr. ficuncU 1 na Kaddi allcrtlings Acr. f rn.civ i folium Prc»sl. dorli habon beid 
nur den alternden Zustand beschricben, da dio.se Pflanze eine neue sehr 
ausgozeichnete Gattung ist welehe wir Poikilo/Ucrin nennen .... 

In spite of Presl\s qualified, and Underwood’s 1 unqualified 
judgment, I agree with Christensen, that this was no valid 
publication, and that this genus, if recognizable, must date from 
Presl, Tent. Pterid. (1836) 211. It is then unnecessary to 
determine its type species, as it is antedated for American ferns 
by Bolbitis Schott, and for the Oriental ones by Cam pi inn. 
Bolb it is is derived from Phlcbodium; as to this I believe that 
anybody can satisfy himself by comparing the palea? and vena¬ 
tion of Bolbitis serratifolia with those of Phelbodium aurcum. 
As neither Bolbitis nor Phlebodlimn has a known representative 
in the Old World, I am not further concerned with them here. 

The next name in point of priority is Campium Presl, Tent. 
Pterid. (1836) 238. It is well described, by text and by figure, 
and the fact that 1 construe it now as including the Oriental 
ferns called Poeciloptcris by Presl, and also the same author’s 
genus Devdrofflossa has nothing to do with its validity. For 
Presl, as for us, the genus was a group of species—similar 
species, for him; related species, for us. Our demand, that 
beside description, illustration, and the citation of a number of 
species, the genus be further exemplified by one species as its 
type, surely never occurred to him or to his contemporaries 
as a possible one. The first species mentioned, in the body 
of the diagnosis, is Campium punctnlatiun, followed in the 
same sentence by C. costal uni. Following the diagnosis and a 
discussion, there is a list of species, headed by the same two. 
Ostensibly, the type species should be the plant, whatever it was, 
there meant by C. punct (datum, but two questions then arise: 
What is the plant? What should it be called? 

It is identified by Presl as “Acrostichum punctulatum Presl 
nee Lin” It did not wait for the moderns to raise the point that 
an invalid name could not be transferred ; Fee, 1 * without formulat¬ 
ing his reasons, provided a new name, Ileteroneuron presllanum , 
citing Presl. Incidentally, he presented a diagnosis, drawn, not 
from Presl’s fern, which he clearly never saw, but from a rare 


1 Mem. Torroy Hot. Club 6 (1899) 272. 
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fern of southern India. As it happens, Presl wavS flattered 
enough to accept this as a correction, and even to support it 
by the wild guess that “Asia” on IliigePs label (Fee’s fern) 
was “Verisimiliter quoque Manila.” Otherwise, Presl’s specific 
name might be retained, on the hypothesis that he knew as well 
as Fee that is was not subject to transfer, but, still liking the 
name, administered it again, de novo. To deny this possibility 
is to maintain that this one nameless plant could not be given 
a name which could be given to any other nameless plant in the 
genus. 

Being acquainted with the Indian fern described by Fee, from 
the examination of specimens confidently referred to it, and this 
identification checked by a photograph of the Vienna specimen 
cited and seen by Fee, and knowing neither this fern nor any 
near relative of it in the Philippines, but knowing in the Philip¬ 
pines ferns in another genus that are superficially very much 
like it, 1 have grave misgivings as to this generic type. I have 
tried in vain to clear this question, by inquiry as to Presl's type 
specimen, understood to be in Prague. 

There is no question as to Prosl’s idea of his genus Campium , 
nor as to any other of the five species he cites. Before, in, and 
after his time, a genus was a group, as a whole, properly de¬ 
scribed as a whole, never expected to rest, for validity or for 
ident ification, upon any single species. Under the circumstances, 
I would be unable to justify any other course than the choice 
of Campium , as the name of the large genus that includes all 
of the species to which Presl gave the name, except, perhaps, the 
one which he chanced to mention first; but, to secure the exact 
embodiment of the generic idea that modern workers have found 
desirable and eventually necessary, I propose that Campium 
coslat urn, with the proper Wallich type, be recognized as the 
standard species of the genus. 

Although none of the other generic names is in question, a 
multitude of nomenclatorial dilliculties and puzzles will demand 
attention in the course of this work. J have disposed of them as 
best I could. To make revision easy in the future, in case my 
decisions are questioned, I am presenting the literature, rather 
completely. As practically always happens in a work of this 
kind, l have felt obliged to increase the number of species de¬ 
manding recognition. As likewise usually happens, I regard 
some hitherto accepted species as identical with one another. 
Additions and reductions will of course continue in the future. 
To facilitate such activity, 1 have tried to assemble here the most 
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critically important literature—in particular, the original diag¬ 
noses of the species. These require no more space than would 
new descriptions. Where the diagnoses are very defective, I 
have added to them, but; I have not thought it necessary that 
I repeat them in English. Where I suspect synonymy, 1 quote 
the later-published diagnosis, without transfer of name. Any 
successor able to decide that he has, or has not, to deal with a 
synonym, will find the requisite literature references assembled 
here—he has only to be sure that ho knows the ferns. Where 
reasonably certain of synonymy, I let this be the time for a 
name to retire; citing it; sometimes, but not usually using space 
to repeat synonymy already published in the Index Eilicum. 
Original diagnoses are authoritative in text, as is never true 
in any like sense of descriptions by later writers; and, as a 
rule, they also give the type localities and, explicitly or by easy 
inference, show where type specimens can he consulted. While 
correct assignment to genus is the item of first importance 
in the description of a species, the generic diagnosis has no 
corresponding importance, in assigning a species to a genus, 
the essential problem is the recognition of aflinity. Conformity 
to a generic diagnosis is important to exactly the extent that it 
may establish affinity; in the cases of the great majority of the 
genera of ferns, conformity to original diagnosis hardly does 
this at all. 

Beside the recognition of the genera, the compilation of the 
literature, and the application of this to the ferns, and the de¬ 
scription of new species, I have, in Cam pi inn (the only genus 
large enough to make the diseriminataion of the species very 
difficult), facilitated their recognition by numerous drawings of 
the detail of the venation, and have had photographed all new 
species and a number of old ones not hitherto illustrated. The 
drawings, in the cases of species with large, pinnate fronds, all 
show the venation more or less in the middle of the acroscopic 
side of the larger, but not the basal, pinnae. Therefore, they are 
fairly comparable. Some variation of the design occurs, of 
course, in all species; and the pattern is necessarily different 
where the pinna is more deeply cut, as it often is near the base, 
and where it is narrower, as near the apex. 

In the direct preparation of this paper, 1 have had the excellent 
library facilities of the University of California, with occasional 
assistance from the John Crerar Library, Harvard and Stanford 
Universities, the United States Department of Agriculture, and 
the California Academy of Science. The ferns studied are (1) 
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in my own herbarium; (2) in the collections deposited at the 
University of California by Dean Merrill; (3) large collections 
loaned by the Royal Botanic Gardens (Kew) and (1) the Gray 
Herbarium; (5) the Praeger collection of the California Acad¬ 
emy of Science; (6) the ferns of these genera in the herbarium 
of the Missouri Botanical Garden; and (7), received shortly 
before the paper was completed, one hundred seventy specimens 
from the United States National Herbarium. For this generous 
and various assistance I wish to express grateful appreciation 
to those who have rendered it. The personal assistance of 
Dr. Carl Christensen is acknowledged at the end of this treatise. 

Except as error is responsible for the inclusion of species 
(as L( ptochilui s* cel (bints, which is a Drpopt eri. s), the Oriental 
genera represented in Leptochilvs of the Index Filicum may be 
distinguished as follows: 

Key to the Oriental yenera represented in LeptochUus of the Index 


Filicum. 

I. Scandont or epiphytic. 

2. Fronds simple and entire, thin Leptochilus. 

2. Fronds cleft or divided, coriaceous - .... Christioptoris. 

2. Fronds compound, pinnae or pinnules articulate ... Lomayramma . 

J. Terrestrial. 

2. Rhizome creeping . . .. . Camphnn. 

2. Rhizome short, more or less erect. 

3. Stipe scaly, not hairy .. . ... ... lie mi gramma. 

Stipe and frond hairy. Querci/Uix. 


Of these genera, Chritstioptcris, Lomaaramma, and Hemi- 
(jramma have been accepted by Christensen, who abstains only 
as a matter of form from the transfer of their species. Nothing 
needs now to be added to my last statement on Christiopfertsj 
except to repeat that C. copdondi is not distinct from C. satjiita , 
and to question the transfer to his genus of Pol y podium canto- 
nicnsc. In the ease of Lomayramma, also, all valid known spe¬ 
cies are already provided with proper names. The same is ob¬ 
viously true of Leptochilus, but its isolation has to he justified. 

(ienus LEPTOCHILUS Kaulfuss 

Leptochilus Kaui.kuss, Enum. Fil. (1824) 117. 

A genus of polypodiid ferns, related to Phy mat odes, as shown 
by the* epiphytic habit, vestigial articulation of stipe to scandent, 
scaly but glabrescent rhizome, and reticulate venation with co- 


Philip. Journ. Sci. § C 12 (1917) 331. 
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pious and irregular free included veinlets ending in hyaline dots; 
further characterized by simple, entire fronds, the fertile ones 
narrowly linear, with acrostichoid fructification. 

LKPTOC HILl'S AXILLARIS (Cavnnilli'M) knulftis*. PIoli* 1. 

A eras tic hunt axillarc I’avamllks, Anal. Hist. Nat, 1 (17M) 101. 

Aerostiehum axillarc cuuloscens, foliis sterilibus lanccolatis; fructi- 
feris lincaribus, ad storilia subaxillaribus. A miles pup. Wl. 

El tallo crece cumo cinco pics, veslido do hujas esteriles y fructiferas. 
Las esteriles son lanccoladns, eliteras, lampirias, do sois pulgadas do largo 
con urui do ancho y peciolus corf os. Las fructi foras son mas largas, do 
una Hnea de ancho, pecioladas, cuyos peciolos nacon do los do las esteriles. 
El legumento es rnuy an gusto, y las cajitas ferrugineas. So cria on los 
terrenos sooos do la isla do Luzon, domic lo vib ol citado Xbe. — Cavanilles, 
Dcscripcibn do las plant as, page I-31L 

This genus has had a career in the hands of ptoridologists, 
more adventurous even than most of the genera of ferns with 
acrostichoid fructification. By 184(1 it was already “nimis ex- 
tensum” in Kunze’s opinion. In the hands of Hooker and 
Baker and those under the sway of their prestige, it has of 
course been reduced to Aerostiehum, or at least to Gi/mnopteris. 
From this dumping ground it was extracted with undue glory. 
In Christenson's Index, animated as it is with the spirit of 
phylogeny, Lcptoehilus is made to include ferns as diverse as 
Hcmigramma , tectarid in origin; Ckristiopteris, probably ma- 
tonioid; Lomayramma, remotely dennslaedtioid; a lot of unre¬ 
lated American ferns; and several dozen more nearly related 
terrestrial species of its own part of the world. 

Lcpinch Hus itself is almost certainly related to the Phymatodes 
section of Polypodium: more especially, probably, to the group 
of Polypodium myriocarpum .* The tendency to lose the indivi¬ 
duality of the sori is shown in this group by another offshoot, 
Dildrmma samarensis . I have never seen juvenile specimens 
showing any peculiarity in their fructification, but atavistic 
fronds, partly sterile and partly fertile, are not rare; see Plate 
1, a. From them, and from the development of the fruiting area 
of young fronds, it seems proper to conclude positively that this 

4 When dealing with a large group, and a clearly related small but more- 
specialized group of more-restricted range, there is a presumption, in the 
absence of evidence, that the latter is descended from the former. 'Phis 
was my first judgment as to the relationship of Lcptoehilus and P hy mat odes; 
but I have some evidence, which requires further study, suggesting that 
they may have a joint source, in or near Ckristiopteris. 
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fern is not descended from others with elongate sori oblique to 
the costa; that is, from any fern that could be called Selliguea . 
Aside from habitat, texture, and venation, the ancestry of Lepto - 
chiluA is betrayed also by the presence of an apparent joint at 
the insertion of the stipe on the rhizome. As to this, Presl 5 
says flatly: “Frondes heteromorphae, glaberrimae, cum rhi- 
zomate articulatae.” 

The plant owes its specific name to the accident that in the 
specimens in the hands of Cavanilles the fertile fronds seemed 
to be borne in the axils of the sterile. What happens is that 
branch buds are borne in these axils, sometimes almost as regu¬ 
larly as in any flowering plant (Plate 1, 6). These buds may 
form ordinary branches; and, as the old parts of the rhizome live 
long, the common result is a complicated mass of stems, all still 
connected. The most of these buds, however, remain very short, 
but produce a succession of leaves, usually one at a time, func¬ 
tioning quite as do the dwarf branches of Larix. By the activity 
of the dwarf branches, old parts of the rhizome continue to pro¬ 
duce leaves, so that a plant commonly bears a very large number 
at all times. 

The type locality is given as Luzon, “in dry places.” It is 
commonly found in places not at all dry; for example, it is 
very common in Laguna Province, Luzon, near the line between 
land in cultivation and the forest, a zone subject, because of its 
humidity, to the bud rot of the coco palm. The species is found 
west to India, and east at least to the extremity of Papua, and 
preserves a notable uniformity throughout this range. Speci¬ 
mens from Kaiser-Wilhelms Land and Papua are more caudate 
than is common farther west, and a specimen from Siam has 
the lamina decurrent to the rhizome. 

LEPTOCHILUS PI.ATYIMIYLLL'S Copeland, up. m»v. Plate 2. 

L. frondibus subsessilibus ca. 30 cm longis, ca. 8 cm latis, bre- 
vi-acuminatis, supra basin ad 1-2 cm et ad basin abrupte ad 
stipitem 2-3 mm longum contractis; fertilibus 20-25 cm longis, 
stipitibus 5 cm longis exceptis, usque ad 1 cm latis, marginibus 
in herbario revolutis; aliter L. axillari similis. 

Sumatra, Hancock 61, 1862. Type in the United States Na¬ 
tional Herbarium, No. 1277348. 

The broad and almost sessile fronds are too far from the range 
of ordinary variation of L. axillari s* to justify treating this as 
a form of that species. 


Epim. 183. 
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Uenus CAMPIUM Presl 

Cam phi m Pre sl, Tent amen Pterid. (183(5) 238, emended to include 
Dcndrofflossa Presl, Epimcliac Bot. (1851) 140. 

A genus of polypodiid ferns, descended from that group in 
§ Sclltguca called Colysis by Presl, as shown by the terrestrial 
habit, seriate trends, and atavistic forms which intergrade with 
Poly podium selUyuea Mettenius; rhizome creeping, usually short; 
articulation of stipe vestigial or none; frond simple and without 
main veins (Dendroglossa) , or with pinnately arranged main 
veins or pinnate, or rarely bipinnatc; veinlets anastomosing ir¬ 
regularly, or regularly along the costa and main veins; free in¬ 
cluded veinlets wanting or few and irregular, rarely somewhat 
regular; fertile fronds contracted, usually much so, the fructifi¬ 
cation typically aerostiehoid. 

For this genus the oldest distinctive name is Campium Presl, 
Tentamen Pterid. (183G) 238; Epim. Bot. (1849) 1G9. To 
Presl’s disgust, J. Smith presently (1841 and 1842) set up a 
genus Cyrtogoninm , and Fee (1845) a genus Heteroneuron, both 
for the same group. All of these genera were intended to 
include only normally pinnate ferns, with distinct main veins. 
Various of the species sometimes or usually bear simple fronds, 
but the main veins still have their evident character. 

Another group of these ferns, usually of quite distinct ap¬ 
pearance, has simple, small fronds, and no strong, straight main 
veins. To these, Presl ’* gave the distinctive generic name Den¬ 
droglossa. “Maximo affine est: hoc genus Selligueae, differt 
praeter habitum peeuliarem venarum costaeformium absen¬ 
tia .... A Colysi differt illico frondibus dimorphism It is 
unfortunate that more students have not had Presl’s eye for 
affinity. His Colysis membranucea, of late construed as Poly- 
podium selllipuea Mettenius, is in fact so nearly related to his 
Den dr agios so that it is sometimes difficult to decide which genus 
is represented by an atavistic specimen of Dendroglossa lin¬ 
net cana. 

As to the habitat, Presl says, in the generic diagnosis, “Khi- 
zoma in cortice arborum putrescente repens;“ which is incorrect 
and hard to understand. Ilis first species is Dendroglossa 
normalis (Gyrnnopteris norm ale J. Smith; Cuming pi. Phil. 
No. 32G). The label of my specimen bearing this number has no 
note respecting the habitat, nor have any of the Cuming labels 
I have seen; but 1 know the fern very well, and have never 


''Epim. Bot. (1851) 149. 
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found it except on rocky creek banks. As to his other species, 
Dendroglossa lanceolata , Presl says: “Habitat in argillosis ad 
terram.” The fact is that these ferns are typically terrestrial 
and have a terrestrial ancestry, so far independent of that of 
Leptochilna, with which, therefore, they cannot be congeneric. 
How far back into the so-called Polypodium it would be necessary 
to go to find a common parentage for both groups, I have not tried 
to ascertain; and the question is irrelevant, because nobody 
would seek to combine in one genus the species with distinct 
sori and their descendants with acrostichoid fruit. 

Presl’s supposed genera, Ca m pi uni and Dendroglossa , usually 
seem distinct and easily recognizable; but not always. Dendro - 
glossa has typically linear fertile fronds and sterile fronds with¬ 
out evident main veins; but its range of forms extends, not 
merely in one direction to the production of widened fertile 
fronds with unmistakably selligueoid sori, but also in another 
to the production of exceptionally large and broad sterile fronds 
with correspondingly well-developed main veins. Whether or 
not Hooker 7 is correct in treating as a close relative of this plant 
one with deeply laciniate-pinnatifid fronds; the moment that 
main veins are developed, the essential condition for pinnate 
dissection is provided. This is not the only place in the group 
where the same line is broken over. LeptochH us hydro phyllus 
is a typical Dendroglossa if judged by the most of the material 
collected; but one exceptional frond, the largest, shows a corre¬ 
lated tendency towards strengthening the main veins. The 
line between Dendroglossa and ('urn pi urn seems to be crossed 
independently in at least two places—from C. lanceolatum toward 
( 7 . decurrens , and between C. hydro phylhun and C. suhsimplex — 
wherefore, it cannot properly be maintained as a line between 
genera. 

If the genus Camphnn , as here construed, is monophyletie, its 
most primitive component seems to be the Philippine form of 
( 7 . linnaeanum , and the outside parent is very closely represented 
by Poly podium seliignea. This matter of recognizable parent¬ 
hood is emphasized by repetition, because, as our knowledge 
of relationships grows complete, this becomes the most essential 
element of generic character—the other general consideration 
in determining what groups should be genera being convenience. 

While the genus Campium as a whole is, for the present, delim- 

7 Sp. Fil. 5: 277. 



37,4 


Copeland: Leptochilus 


343 


ited with reasonable clearness and is perfectly recognizable by 
anybody fairly acquainted with these ferns, the satisfactory 
definition of some of the species is quite impossible. The follow¬ 
ing list and keys are, therefore, to be taken as expressing such 
judgment in the matter as I have at present. From India to 
Papua, there are species that are characteristically unstable. 
As two of the most rich in forms, as construed of late, have 
Philippine types, and vary in the Philippines as freely as is 
easily imaginable, a wealth of Philippine material is particularly 
valuable in their interpretation. 


Key to the species of the section Dendroylossa. 

§ 1. Fronds simple, entire, and without main veins § l. Dendroylossa . 
1. Sterile fronds small, under 7.5 cm long. 

2. Fronds narrowed toward the base. 

2. Sessile or nearly so . 2. C. minus. 

S. Long-stipitate .. . ft. ('. minntnlum. 

2. Base truncate or subeordate . 4. C. dilatation. 

1. Sterile fronds typically 10 cm or more long. 

2. Sterile fronds sessile or nearly so. 

ft. Lanceolate ... . 5. C. metallicum . 

ft. Linear .. _ 0. C. ivallii. 

2. Sterile fronds stipitato. 

ft. Base narrowed abruptly . ... .12. C. hydrophyllum. 

ft. Tapering to the base. 

1. Slipe less than f> cm long . . 1. C. linnaeanum. 

4. Stipe more than 10 cm long __ 7. C. lunecolutum. 


§ 2. Fronds pinnate or main veins conspicuous . § 2. Heteroneuron (p. 849). 

1. CAMPIUM LINN A KAN I'M (Foe) Copeland, comb. nov. Plate 3. 

ln'ptoehilus linnaeunns Fee, Acrost. (1845) 87, pi. 47, fig. 2. 

Frondibus sferilibus anguste lanceolatis, curvatis membranaceis, glabris, 
apice longe acurninatis, ha si cunealis, nutrgine repando, petiolis squamosis; 
fertilibus longius petiolatis, linearibus utrinquc acut.is; rhi/omate llexuoso, 
crasso, crassitie pennae columbae; sporangiis rotundatis, arnrnlo 12 arti- 
culato, spur is o\oideis nudis. 

Acrostichum lanceolatum, Linn. . . . 

Habitat ad terrain argilosam in Java (Zollinger).—V. S. in Herb. Jus¬ 
sieu ot de Lesserl. 

Exsiecatum: Zollinger, no. 1411. 

Dimensions: Frondes steriles, longueur, 16-18 centim., avec un petiole 
de 5 centim. environ; largeur, 15 niillim.--Frondes fertiles, longueur, 18-19 
centim., avec un petiole, qui a les deux tiers environ de cette dimension; 
largeur, ft millim.—F ee. 

In further notes. Fee compares this with his Leptochilus 
minor , noting the paucity of free included veinlets in both, as 
compared, presumably, with his L. lanceolatus . Fee’s citation 
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of Linnaeus is most remarkable. Assuming it to be correct, why 
did he not transfer the Linnsean specific name, instead of, higher 
up on the same page, using that name for a different species? 
The clear fact is that the citation is not correct. 

1 believe the Mindanao fern, the subject of Plate 3, b, is 
correctly identified as this species, and that it is properly conspe- 
cific with the common Luzon fern shown on the same plate. 
Statements as to the range of this species, Campium lanceola - 
turn, and C. dec ur re ns may well be mistrusted. 

As is the case with all of this group, the rhizome is slender, 
creeping on the ground or on rocks, commonly in moss, character¬ 
istically occurring on the banks of streams in mountain woods, 
at moderate altitudes. It is more or less persistently clothed, 
in the common Philippine fern, with narrowly lanceolate, long- 
acuminate scales, 2 to 3 millimeters long when intact. 

Typically, the sterile frond is a deci¬ 
meter and upward in length, narrowed 
gradually and not very unequally toward 
both ends, six to ten times as long as 
broad, and borne on a stipe more or less 
r> centimeters long, the lamina decurrent 
on the upper part of it. Fee's figures 
are good, but 1 include another because 
his are not generally accessible. The fer¬ 
tile frond is typically long-stalked, and 
hardly wider than filiform. The sterile frond is typically with¬ 
out straight main veins, but in exceptionally large or broad 
fronds there is always a tendency for the primary branches of 
the costa to straighten and become conspicuous. The veinlets 
anastomose freely, with few to many free included veinlets. 
Corresponding with the herbaceous texture, the areola? are fairly 
large. 

Another form, commoner in the Philippines (Plate 3, a), has 
the lamina decurrent almost, or rarely quite, to the rhizome, 
and its fertile frond tends to maintain some width of lamina. 
This fertile frond is rarely quite filiform, most commonly linear, 
rarely a centimeter or more in width; and these broader fronds 
always, at least when young, bear distinct, elongate, obliquely 
placed sori. Between such a form as this and Blume’s Gram- 
mitis membranacea , Poly podium sclliguca Mettenius, there might 
be an open gap; but it is occupied by Polypodium jluciatilc Lau- 
terbach, from the edge of a creek in Borneo. This and an 
unnamed Hainan plant differ from P . selliguea in being mod- 
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erately dimorphous. The transition from “ Polypodium ” to Com- 
pium is thus very completely bridged. 

Gymnopteris dichotomophlebia Hayata, leones Plantarum For- 
mosanarum 4 (1914) 201, seems to be this commonest Phil 
ippine form with the fertile fronds very narrow. Hayata’s 
description is very complete and accompanied by figures, and 
shows nothing distinctive except in the scale from the rhizome. 
As described and figured, this is imbrieate-cordate and hardly 
acute. Such scales are known to me in the group only as they 
commonly and eventually lose their characteristic attenuate tips, 
with age and wear. This is described from Hainan, whence we 
have also the dimorphous Polypodivm just mentioned. It is 
possible that Hayata’s specific name should be applied to the 
Luzon plant. 

CAMPIUM MINOS (Vee) C'oprlnnd, comb. nov. Plate 4, fijf. 1. 

Lcpt-ochihiH minor Fkk, Acrostichum (1845) 87. pi. 25, fig. 3. 

Frondihus sterilihus lanceolatis. basi attenuatis, apice obLusiusculis, 
longc petiolatis, glabris; ferlilil)\is anguste linearibus obtusiusculis, longi- 
urihus; nicsoiieuro complanato; rhizornate repente; sporangiis brevissime 
pedunculatis, annulo M articulato, sporis ovalibus, laevibus. 

Gymnopteris normalc, J. Smith. Knum. fib, ('inning, in .lourn. of Hot., 
Hook., inai, 1841. 

Exsiccatum: ('uming no. 32(3. 

Habitat in insulis Philippinarum (Cuming). V. S. 

Dimensions: Longueur des frondules fertiles, 1* centim., sur un centim. 
d(‘ largour; dos frondules steriles, 15 centim.; sur un millim. de largeur. 
Kkk. (Tlio fronds are certainly reversed in this statement of size.) 

This description of a little fern with iong-stipitale sterile 
fronds does not lit the common Philippine form with the fronds 
sessile or nearly so. Neither does it apply well to the specimens 
of OiuiuHt) -JJii in I looker’s, or Presl s, or my herbarium. 1 he 
scant material in the Cray Herbarium is intermediate. 

It applies belter to a plant of northern India," which is the 
following species. For these reasons, I ' revived the name first 
given the Philippine species by J. Smith, and used by Presl, 
Leptochilus nontudin (J. Smith). However, it has since become 
evident that there can be found in the Philippines specimens 
which conform to Fee's description, and that these are merely 
stipitate examples of the normally sessile fronds. They are rare 

'See Hooker, Sp. Fib 5: 277 (the accompanying drawing of a frond 
is from the Hooker and Thomson collection cited there). 

•Philip. .Tourn. Sri. § C 3 (1908) 31. 
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near Los Banos, Laguna Province, Luzon, where the sessile form 
is common; but Elmer 16728, from Sorsogon, which adjoins 
Samar, distributed with my imperfect determination as Lepto- 
chilus nor malls, has mostly stipitafe fronds. Under the cir¬ 
cumstances, I am forced to the conclusion that Cuming 326 is 
all the same species, and that it must bear Fee’s specific name, 
as the first to be accompanied by a diagnosis. 

The little plants of Khasia and the Philippines are really not 
identical. The difference is not essentially in venation, as might 
appear from my drawings. The Philippine specimen drawn rep¬ 
resents the extreme of absence of free included veinlets and of 



Fl(J. 2. Cam i>ium minus (Fee) CJopolund, comb. nov.; a normal leaf from Loa Ha non. 
Laguna. Free included veinlela are usually much more numerous. 


fine submarginal network, and 1 have Philippine fronds which in 
these respects are essentially like the Khasia specimen drawn; 
but the Philippine specimens are consistently shorter-stipitatc, 
with relatively narrower and less-decurrcnt lamina. What is 
more significant, they have blacker, narrower, and more-toothed 
paleie. The importance of this lies in the fact that in palete, 
as well as in frond form and stipes, the minute ferns of each 
region betray their affinity to the larger ferns of the same region, 
instead of to one another. Therefore, it requires no unreasonably 
fine discrimination to recognize these as specifically distinct, 
similar as they are in appearance. 

5. CAMPI1JM MINUT1JLUM (Fee) Copeland, comb. nov. 

Leptochdus mrnutulus Fee, Mem. 10 (1805) 8, pi. 31, fig. 2. 

Los frondes steriles sunt, oblongues, obtuses, assez longucment petiolees, 
a marge des lames sinuees; la lame fertile est presque laneeoleo; les fron- 
des sont portees sur un rhizome delie. Fes l’rondes steriles ressemblent. 
aux frondos steriles des Craspcdariti ; noils en donnons la figure, tab. 
XXXI, fig. 2, sous le nom do L. mhintnlua . Fee. 



FlO. 3. Co in pi inn 


i n ul ill it in (Fee) Copeland, comb, nov.; Khasia, Hooker and Thomson. 
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This description is of a Khasia fern collected by Hooker and 
Thomson, and is to distinguish it from the Philippine Leptochilus 
minor. For a further comparison of the two, see the remarks 
under the preceding species. Gustav Mann has collected the 
same fern in about the same place, United States National Her¬ 
barium No. 329564. 

4 . CAMPIIJM DILATATUM Copeland, sp. nov. Plate 4, fig. 2. 

Rhizomate repente, 1-2 rnm crasso, paleis minutis fuscis acu- 
minatis vestito; stipitibus remotis, gracilibus, fr. sterilium 
2 -4 cm, fertilium fere 20 cm altis, nudis; fronde sterile herba- 
cea, glabra, rotundato-oblonga, usque ad 4 cm longa et 3 cm 
lata, apice rotundata, basi truncata vel subcordata, margine 
integra vel undulata, costa infra apicem dissipata, venis pri- 
mariis nullis, venulis irregulariter anastomantibus cum liberis 
inclusis; fronde fertile ca. 5 cm longa, anguste lineare. 

Hainan, Kap Kao, altitude 100 me¬ 
ters, on rocks over river, Krt/l Smith 
1446, 1923. Type in the herbarium 
of the University of California, No. 

234119. 

Among the recognized members of 
the Dcndrofjlossa group, this is sharply 
marked off by the broad sterile frond. 

Polypodium cantoniense Baker, as fig¬ 
ured by Hooker, 10 suggests it strongly, 
but seems to dilfer essentially in the 
broader fertile frond, as well as in 
being coarser throughout. It is very 
probable that this is where it belongs. 

If so, Christ was far astray in transferring it to Christioptcris. 
Baker is silent as to its texture, which is a critical character; 
but Christioptcrhi has also very characteristic palca.% not at all 
like those of this fern. 

5. CAMPIIJM MKTAT.MCITM (Keddome) Copeland, comb. nov. 

Gyrnnopteris metal lira Bkddome, Ferns Brit. India, Suppl. (1870) 
20, pi. 290. 

Fronds quite sessile 3-7 inches long up to nearly 1 inch broad of a 
deep shining metallic blue color, fertile fronds only soriferous towards 
the apex. Ceylon in dense moist forests on the Haycock mountain grow¬ 
ing on rocks. This is intermediate between Wallii and true lanceolata 
and is, I believe, only a variety of the latter, it is a very beautiful plant. 
Beddome. 



U. 4. Cami>ium dilatutuin. 
Copeland, up. nov. ; type. 


"Ic*. H. pi. 1085. 



348 


The Philippine Journal of Science 


1028* 


Beddome 11 adds that the main veins are often indistinguish¬ 
able from the others, and omits his doubt as to the specific status. 
As he conceived his Gymnopteri# lanceolata, or G. variabilis , as 
broad enough to include Campium dccurrcns and Leptochttus 
axillaris, the inclusion of other real species of Dendroglossa 


vould not be surprising. 

The sterile frond is rigidly chartaceous and remarkably 
•paque. The larger ones have, as Beddome’s plate shows, a 

stipe, not more than 5 milli¬ 
meters long. In the one spe¬ 
cimen in the Gray Herbarium, 
the fertile frond has a filiform 
stipe about 15 centimeters 
long. The fertile “lamina” is it¬ 
self less than 1 millimeter wide, 
and 12 centimeters long with a 
broken apex; it consists of a 
sterile costa, and just enough lamina to anchor the sporangia. 
The young rhizome bears dark, shining, dathrate, lanceolate- 
acuminate paleie, with very minutely spiny margins. Under 
the microscope, the walls are chestnut and the contents colorless. 
The rhizome is 1.5 millimeters in diameter, bearing fronds about 
1 centimeter apart. 



Fiij. r>. Campium metallic urn (Beddome) 
Copeland, comb. nov. 


f». CAMPIUM WALLIJ (Baker) Copeland, comb. nov. 

Acrostichum (Chry sodium) trail it Baker, Journ. But.. 10 (1872) 14(1. 

Rhizomate gracili reptanto paleis lameolatis subsecundis vestito, frondi 
bus segregates sterilibus suhsossilibus anguste ligulat.is glabris membra 
naeeis viridibus millo modo squamosis obtnsis marline obscure late repan- 
dulis basi cuneatis, mac uli s inter costam et margincm unisoriatis valde 
vertical iter dongatis vena uniea centrali decurvata saepissime praeditis, 
frondibus ferti films gracillimis filiformihus longe petiolatis.— BakKK. 

Ceylon. 

The sterile fronds are 20 to 25 centimeters long and 1 to G 
millimeters wide; fertile frond, 15 to 20 centimeters long, its 
stipe 8 to 15 centimeters. The narrow sterile frond, and con¬ 
sequent single row of areolae on each side of the costa, distin¬ 
guish this from Campium linnaeanum. 

■ CAMPIUM I.ANCKOI. ATOM (Fee) Copeland, comb. nov. Plate 5, flg. 2. 

Leptochilus lanceolalus Fee, Aerost. (1815) 87, pi. 47. 

Frondibus simplicibus, glabris; sterilibus lanceolatis utrinque acutis, 
basi deeurrentibus, membranaceis, marginc repandis, subundulatis; ferti- 
libus longissimis, linearibus, attenuates, longe petiolatis, potiolis helveolis, 


11 Ferns Brit. India and Ceylon (181)2). 
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laevibus; rhizomate repente, fibri 11 is tomentosis, fusco-rufis; sporangiis late 
ovatia, annulo 14 articulate; sporis ovoideis, laevibus nudis. 

Habitat in Indostan, Neilgherries (Perottet, 1838).—V. S. in herb, de 
Lessert. 

Exsiccatum: Hiigel, Asia. no. 1348, in herb. Vindob. 

Dimensions: Frondes steriles, longueur, 60-(15 centim.; le petiole egale 
la lame en dimension; largeur, 5 6 centim. 

Frondes fertiles, longueur, 7b centim., le petiole ayant 50 centim., lar- 
geur, 3-4 millim.—F ee. 

I have not seen a specimen positively referable to this species 
except from peninsular India, where it seems to be common. 
Specimens with this name, from Sikkim, Assam, etc., approach 
Campium decurrenx, which also occurs there. Bcddome as¬ 
cribes to this species (as a va¬ 
riety of Gymnopteri. s* variabills ) 
a wide range of forms, differing 
in shape, and particularly in the 
fructification, variously restrict¬ 
ed, and even broken into distinct 
sori. I do not try to decide 
from the descriptions what these 
forms may be. So far as I can 
judge from the specimens exa¬ 
mined, this species has been 
construed correctly as including 
LeptochiJns thwaitesianui s* Fee. 

Key to the Oriental species of the section Ileteroneuron. 

Fronds pinnate* or main veins conspicuous. . § 2. ffctcrovcuron. 

(For key to the African species, see p. 393.) 

1. Sterile fronds simple and undivided. 

2. Free included veinlets many. 

3. Fertile frond narrowly linear. 

4. Stipe not articulate . 8. C. decurrens . 

4. Stipe jointed to rhizome. 10. C. laeiniatum. 

3. Fertile frond lanceolate? . . 11«. A. zolline/eri. 

3. Fertile* frond broad and short. .9. <7. o cat urn. 

2. Free included veinlets few or none. 

3. Fertile frond linear . . . ... 17. C. foxivorthyi. 

3. Fertile frond broader. 

4. Frond thick and dark 11. C. ttuhsimplex. 

4. Frond thin, light green . . 15. C. diversifolium. 

1. Fronds regularly pinnatifid with many near-pinme. 

2. Free included veins few or none . 27. <7. ncglectnm. 

2. Free included veinlets in all areola:.-. 10. C. lacinintum. 

1. Fronds trifid or paucipinnate, or dwarfed. 

2. Stipe stout, frond thick and dark.. 11. C. suhsimplej-. 

2. Frond not thick and dark. 

3. Fronds usually less than 15 cm tall. 

2087-16 2 



Fro. 6. Campium lauceolatum (Kw) Cope- 
luml. comb. nov. ; peninsular India. 
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4 . Apex made up of coadunate pinnae. 

5. Areola? of pinnae all costal. 

6. Pinnae approximate 28. C. taylori. 

6. Frond lax . . 30. C. argutum. 

5. Areolae more numerous . 29. C. parvum. 

4 . Apex not formed of fused pinnae. 

5. Terminal leaflet narrowly linear . 18. C. tenuissimum. 

5. Apex not lashlike. 19- C. cuspidatum. 

3. Fronds of moderate size or large. 

4 . Not proliferous. 

6. Pinnae at most two pairs. . 15. C. diver si folium. 

B. Pinnae about four pairs .. 10. C. pscudoscalpturatum. 

6. Apical segment crenate-lobed . 32. G. boivini. 

6. Apical leaflet serrulate . . - 42. C. bradfordi. 

4 . Normally proliferous. 

B. Pinnae coadunate above the base. 26. C. rivulare • 

B. Apex normally one leaflet. 

6. Paleae on stipe few, not dark.. 13. C. heteroclitum. 

6. Stipe clothed with dark scales.. 14. C. nigrum. 

1. Not dwarfs, pinnae several, dark and coriaceous.. 11. C. subsimplex. 

115. G. cadieri. 


1. Not dwarfs, pinnae numerous, not dark and thick. 


2. Apex made up of coadunate pinnae. 

3. Pinna? crenate to shallowly lobed. 

4. Pinnae cuneate on both sides. 

6. Lobes toothed or crenate. . 24. C. palustrc. 

5. Lobes entire . 25. C. samoensis. 

4 . Base of pinna broad. 

5. Free pinna? merging into lobes. 

6. Pinnae lanceolate, acute. .. 21. C. validum. 

6. Pinna? broader, acuminate . 20. C. quoyanum. 

5. Change from pinna? to lobes abrupt. 

6. Pinnae broadest below middle. 22. C. snbeordatum. 

6. Pinna? broadest above middle. 23. C. interlineatum. 

3. Pinnae cut over half-way to costa. 

4. Areola? all costal . 28. C. taylori. 

4. Areolae along costa and main veins. 30. C. argutum. 

4. Areola? not all touching main veins. 


5. Areola? between sinus and costa not very broad. 

20. C. quoyanum. 

5. Areola? between sinus and costa very broad. 

31. C. bipin nat ifidu m. 

3. Pinme hardly crenate . .. 33. C. scmicordatum. 

3. Pinna* quite entire . 32. C. boivini. 

2. Apical leaflet not made by fusion. 

3. Veinlets uniting in pairs, with an excurrent one where they meet, 
as in Gonioptcris. 

4. Pinna* narrowly lanceolate . . 45. C. feeamtm. 

4. Pinna? broad. 

5. Green, apex proliferous . 44. C. saberenatum. 

5. Brownish, apex not proliferous. 43. C. molle. 
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3. Venation more ample. 

4. Veins or entire frond reddish. 

5. Coriaceous and entire . 39. C. costatum. 

5. Herbaceous and toothed. ,37. C. scalpturatum. 

4. Green, usually light. 

6. Veinlots all free near margin. 

(». Margin crisped, not crenate 36. C. crispaluhim. 

6. Margin crenate, not crisped. 

7. Sporangia remote from costa. 38. C. undulatum. 

7. Sporangia covering the surface.... 35. C. augustipinnum. 

5. Veinlets uniting to near margin. 

6. Pinnae over 20 cm long, narrow .34. C. lanceurn . 

6. Pinnae 10 to 20 cm long, broad. 

7. Fertile fronds broad. . 40. C. dcltigennn . 

7. Fertile fronds linear.. 41. C. vircns. 

6. Pinnae hardly 10 cm long.33. C. semieordatum. 

8. CAMPIUM DECURRENS (Blume) Copeland, comb. nov. 


Leptochilus dc cur re ns Blume, Enum. PI. Jav. (1828) 206. 

L. frondibus simplicibus membranaoeis glabris longe stipitatis, sterili 
cuneato-oblonga basi in stipitem decurrenti parallelo-venosa reticulata, 
fertili angusto-lineari elongata. 

Obs. Priori (L. axillari) difTert fronde sterili lato-oblonga, fertili 
longissima. 

Crescit in humidis montanis Javae.— Blume. 



Fig. 7. Campium derurrcna ( lJlume) (’oprluml. comb, nov.; Jav.i. IV in elect iSSSli 

Sterile fronds 20 centimeters (or considerably more) long, 
including the stout stipe, along a part or all of which the lam¬ 
ina is decurrent; apex usually acuminate to caudate; color 
rather dark above, and brownish beneath; texture firm but not 
thick; main veins somewhat oblique in Malaya, almost hori¬ 
zontal in India, conspicuous nearly to the margin. An Assam 
specimen ill the United States National Herbarium, collected 
by Gustav Mann, has a frond 65 centimeters long without the 
tip, and 12 centimeters wide. 

The accepted range is Malaya to India. 
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In Malaya this is a decidedly uniform fern, for its genus. 
Acrostichum variabile Hooker, Sp. Fil. 5 (1864) 277, is a pure 
synonym, evidently provided because Blume’s specific name was 
preoccupied in Acrostichum. The Himalayan ferns, on which 
Hooker’s diagnosis was primarily based, seem to differ con¬ 
stantly from those in Malaya in having the main veins at very 
nearly a right angle to the costa, and more remote from one 
another, but this would ill justify specific separation. The 
status of Hooker’s var. (3 lacinuilum, of southern India and 
Ceylon, is decidedly different (see No. 13, C. laciniatum) . Bed- 
dome 12 puts it under his var. Utnceolata , where a laciniate or 
pinnate frond is even less to be looked for; but Beddome’s usual 
skill in the recognition of species deserted him completely in this 
group, to which he also reduced, as a mere variety, as distinct a 
fern as Lcptochilns axillaris . Because of his confusion, I ab¬ 
stain from trying to draw conclusions from his report of a form, 
apparently Burmese, with broad fertile fronds and polypodioid 
sori. In consideration of the existence of such forms, if indeed 
they are of this species, and of the very characteristic venation, 
it will not surprise me if future study shows that Campium de- 
current originated in PhynuUodes, or Sellipnca , independently 
of Lcptochilns and of the Dendrof/lossa group, and therefore 
requires generic separation. A vestigial articulation of the 
stipe is often evident, and on some young specimens it is clearly 
functional. 

Ha. CAMl’IUM ZEYLANICUM <F«V) Copeland, comh. nov. 

tscptochihiH zcylanicuH Fee, 10th Mem. (1865) 8, pi. 81, fig. 1. 

Frondibus sterilibus late lancoolatis, sessilibus, la minis deeurrentibus, 
aeutis; nervatieme campyloneurorum, sed magis irregulari; fertilibus 
angustisimis, longissimis, petiole nudo, extonso; sporangiis ovoidcis, an- 
nulo la to J(>-18 articulate; spends brevibus, reniforinibus. 

Habitat in insula /.eylaniea, (Thwaites, no. 1317.) 

Filix repens, rbizomate tenui. 

Cette espeee a quelque chose du porte du Tj. dccurrcns, main elle en 
differs essentiellement par la nature du tissu des frondes steriles, par los 
dimensions et par la maniere dont est eonstitue le reseau nervillaire, a 
mailles oxtremement petites; c.Vst aussi la ee qui la separe du L. hilocarpus, 
espeee a frondes plus courtes et plus manifestement sessilcs.- Fee. 

Fee distinguishes this from 6’. dccurrens by the texture, which 
he does not describe; by venation, as to which his figure and 
notes do not agree; and size, his figure showing a frond about 
20 centimeters by 4—rather small, but well within the range of 

1 Ferric of Hritish India and Ceylon 430. 
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C. decurrens. Tt is not strange that: later authors combined 
the two. A plant in the United States National Herbarium, No. 
815200, ex herbarium William Ferguson, seems to be altogether 
typical of this species, although one frond is 30 centimeters tall. 
The areola; are not at all small, nor does Fee’s figure so show 
them, but the venation is still distinct, in that the veins parallel 
to the costa, normally conspicuous in C . decurrens , are not 
developed in C. zoylanieum. The frond is more coriaceous, and 
very opaque, having to be cleared before strong transmitted light 
will reveal the venation. There is at least a vestigial articula¬ 
tion of stipe to rhizome. There is no such contraction of the 
frond some distance above the base, as is characteristic of (7. 
decurrens in the Malay region. The palea; are finely and reg¬ 
ularly toothed. 



The Ceylon fern discussed on page 355, as a possible sim¬ 
ple form of C. laciniatum , is longer-stalked, narrower, lighter 
in color, thinner, and with evident venation. 

ACROSTIC1JM LISTERI Ilaker. 

Acrostichtrm (§ (hjmuoptcris) 1 isfcri BAKER, Journ. Linn. Soc. Bot. 25 
(1890) 361. 

A. rhizomute la to r op on to crassitie cygni penna?, stipitibus sterilibus 
elongatis subnudis baud eontiguis, frondibus lanceolate membranaceis 
acutis basi attonuatis, vcnis primariis perspieuis parallelis, intermediis 
in areolas eopiosas hexagonas anastomosantos venulis liberis inclusis pro- 
ductis, frondibus fertilibus linearibus stipitibus longioribus. 

A well-marked new species, allied to the Himalayan, Ceylonese, and 
Malayan A. variabUc, Hook. Stipes of the sterile frond 7-8 inches long. 
Sterile frond 9 12 in. long, 2 in. broad, narrowed gradually to the apex 
and more suddenly to the base. Fertile frond 4-5 in. long, under i in. 
broad at the middle, narrowed gradually to both ends.— Baker. 
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Christmas Island (200 miles south of Java). 

This is evidently large and long-stalked, and the implication 
is that the fertile frond is notably broad; otherwise, this seems 
to be closer to the Campinm dccnrreus of Java than are many of 
the Indian forms which Baker treated as that species (under 
the name of Acroxlichuni car labile ). I have seen no specimen. 

!>. CAMPIUM OVATliM Copeland, comb. nov. Plate 6. 

Leplochilus ovatus Cop KLAND, Philip. Journ. Sei. § C 9 (1914) 220. 
Fronde sterile lata, venarum ram is prope marginem praestantiorihus; 
frond is fertilis stipito 35 cm alto, gracile, lamina anguste ovata, vix G 
cm longa, 2.5 cm lata; alitor L. decurrcnti HI. similis. 

No. 1:15. “Scandent near base of small trees, in moist shade.”—COPB- 

f.ANO. 

The type specimen was collected by Cecil J. Brooks at Lebong 
Tandai, Benkoelen, Sumatra. There is an obvious possibility, 



emphasized by Mr. Brooks's note on the habit, that this is an 
independent offshoot of Sclliyuca; but I think it more likely 
that it is a real relative of the ferns with which it stands here. 

10. CAMPIUM LACINIATUM Copeland, sp. nov. 1‘latc 7. 

Rhizomate repentc, 2-3 mm crasso, nigro prope apicem 
paleis nigro-fuscis ca. 2 mm longis ovatis acutis suberoso-den- 
ticulatis basibus aut peltatis aut profunde cordatis cum lobis 
basalibus imbricatis vestito, alibi sparse paleato vel glabrcsccntc; 
stipitibus seriatis, articulatis, gradlibus, straminois vel fulvis, 
frondium storilium 5-20 cm, fertilium 12-25 cm altis; fronde 
sterile deltoidco-ovata, 15-25 cm alta, 15-25 cm lata, acuta vel 



37, l 


Copeland: Leptochilm 


355 


acuminata, basi anguste et abrupte decurrente, glabra, mem- 
branacea, pinnatim laciniata, ala costae 1-10 mm lata, laciniis 
plcrumque lanceolatis, remotis, late patentibus, acutis vel acu- 
minatis, integris vel rarius frondium majorum infimis iterum la- 
ciniatis, venatione secundum dissectionem frondis irregulare, 
costulis rcctis, venis ubi latior lamina subrectis, venulis ubique 
anastomosantibus cum liberis saepius furcatis apicibus globosis 
in areolis omnibus; fronde fertile 15-25 cm alta, dcorsum pin- 
nata, sursum ad alam angustissirnam rhacheos fructiferam pin- 
natifida, ramis remotis, 3-6 utroque latere, usque ad 10 cm longis, 
1 mm latis, infimis saepe furcatis. 

Ceylon. Type in the Gray Herbarium, ex herbario Wil¬ 
liam Ferguson. In same herbarium, Thivaites and Beckett 215; 
in the United States National Herbarium, No. 1277199, Hancock 
U. 



'This is Acrostichum decurrens forma fronde pinnatifida 
Thwaitos, Enum. Ceylon Plants, 881; A. rariabile var. lacinia- 
tum Hooker, Spec. Fil. 5: 277. The affinity is to Campmm 
decurrens, rather than to C. lanceolntum , as Beddome seemed to 
think. 

However, the fern with entire fronds with which it may 
perhaps blend is not Campmm decurrens , of which I have seen 
no Ceylon specimen. This fern, the subject of Plate 5, fig. 1, 
is represented in the Gray Herbarium by a specimen distributed 
from Kew as “ Acrost . lanceolatum Hook. Peninsula Indiae 
Oriental is No. 3177. Herb. Wight.” Cont rasted with Cam- 
plum decurrens the frond narrows uniformly from the widest 
part of the wing of the stipe, the veins are inconspicuous, 
the stipe is conspicuously jointed to the rhizome, and the paleae 
are short and blackish. It is still less like C. lanceolatum. I 
leave it unnamed on the chance that it is a simple C. laciniaturn, 
which I doubt its being. My more serious doubt is as to its being 
a true Cam p hi m. 
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11. CAMP1UM 8UBSIMPLEX (Fie) Copeland, comb. nor. Plate 8. 

Gymnoptcris subsiwplex F6e, Acrost. (1845) 83, pi. 40, fig. 3. 
Frondibus suhsimplicibus, inaequalitcr crenatis, glabris; sterilibus lan- 
coolatis, basi subrepandis, norvillis secundariis fiexuosis, nigrescentibus; 
fertilihus angustioribus acutis; sporaagiis ovalibus, annulo 16 articulato, 
sporis opisporio m^mbranacco,— siccitate lurida. 

Habitat in Philippinis . . . Cuming no. 225 .—Fee. 


Poecilopteris subrepanda Presl, Epim. Bot. (1851) 171, is 
absolutely synonymous with this, based on the same collection, 
and with similar description; Presl simply elected his specific 
name with the feeling, general in his time, that such publication 
as Smith’s list of names of Cuming’s plants should be accepted 
as establishing these names. 

This is a common fern in the Philippines. It probably has 
a very much wider range, but this is uncertain because of confu¬ 
sion of names. Dr. King's collector 8398, from Perak, is this 
species. It is the most variable species in the genus, its gen¬ 
eral distinctive characters are the 
stout, woody rhizome with large paleie, 
stout stipes, and thick fronds, dark 
green above and olive green beneath, 
with strictly toothless margin, and the 
fertile frond or pinna* never narrowly 
linear. The rhizome is 4 to 10 milli¬ 
meters thick, and the brown or black¬ 
ish scales up to 1 centimeter long on 
large specimens. The stipes are al- 



Fig. II. Campiun nnbaimplex 
(F<h») Cogelund, comb. nov.; 
Pointer 244- 


most clustered, stout, dark, usually 
glabrcsccnt, those of the sterile plant 


from quite short up to 110 centimeters 


long, winged upward if the frond is simple, those of the fer¬ 
tile fronds of the same plants the longer. 


The sterile fronds are: 1, simple and sometimes very large, 


even up to 50 centimeters long and 9 centimeters wide, short- 


acuminate and long-decurrent, entire or slightly sinuate; 2, pin¬ 
nate with very few pinnae, and the upper part like a simple 
frond; or 3, pinnate with half a dozen pairs of pinna; and the 
apical leaflet like the others. The last form is the rarest, but 
can be construed as representing the species in its fullest de¬ 


velopment. The type, as described, had a simple sterile frond. 
The simple and the paucipinnate forms are connected by fronds 
forked near the base on one or both sides. A rare transition 
form has several lobelike adnate decurrent pinna; below the 
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large, simple body of the frond; another has one or two dwarfed 
pinna? between a pair of large basal ones and the still larger 
apical leaflet. The fertile fronds or pinna? are smaller, but 
never very narrow. The costa is prominent, and the main veins 
are likely to be sufficiently developed to break the mass of sporan¬ 
gia into groups. 

A bud near the apex is not as constant a feature as it is in 
Campium heteroclitum and C. (iuoijanum , but is still common. 
It is more likely than in other species, while still connected with 
the parent plant, to grow into a daughter plant of considerable 
size, as shown in Plate 8. Bearing such daughter plants, it is 
quite surely Leptochilus stolon!fer Christ. 

The venation varies with the size and the dissection of the 
frond, but always retains the essential character of its group, 
betraying a certain affinity to Campium heteroclitum , the 
species that may be regarded as providing the pattern. If the 
lamina, of frond or pinna, is very ample, the veins arc usually 
far apart, and two four rows of irregular areola? may sep¬ 
arate the regular ones bordering the main veins. If the pin¬ 
na 1 are narrower and the veins closer together, only one such 
row may be found. A few free included veinlets can usually 
be detected, but not many nor with any regularity; they are 
simply veinlets that would normally reach a connection with 
others, but fail to do so. 

Probably identical with this is the following: 

1 Ik. ACROSTICVIITM ZOI.MNCERI Kunze. 

Acrostichuni zollingeri Kunze, Bot. Zeit. 4 (181(5) 419. 

Fronde memhranaeon, glabra, lanceolata, apiee altenuata, basi docur 
rente, margine repamlula, costa subtus eonvexa, lurida venis primariis pa- 
tentibus, prominulis, socundariis roticulatis, immersis, frnnde sterili late 
lanceolata, in stipitem hrevissimum lunge decurrentt?; fertili anguste lan¬ 
ceolata basi attenuata, in stipitem mediocrern brevius deeurrente; soris 
nee custam nec venas primarias obtengentibus, utriusquo stipite fusco- 
pafeaeea, basi adscendente; rhizornate horizon tali (brevi?) fusco-paleaceo, 
nigro-radicoso. 

Frons sterilis illi Lejdochili decurrent is Bl. (Fee Aorost. t. 48, f. 2) 
similis; sed fertilis diversissima, sterili suheonformis, qunmquain angus- 
tior. Frons circiter pedalis, lamina sterilis 9-10" longa, 1" 10'" lata; 
fertilis 64—7 V Jango, 8" lata— Kunze. 

Java, Zollinger I2i)d. 

The statement of van Alderwerelt,’ who does not appear to 
have seen this fern, that it has copious free veinlets, may have 


18 Malayan Ferns 743. 
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been due to confusion with Hemionitis zollingeri Kurz, which is 
a Ilemigramma , but also in its time endowed with a name in 
Leptochilm . 


1 lh. CYMNOPTERIS (LEPTOCIIILUS) CAD1ERI Christ. 

Gymnoptcris (Lcptnchihm) radirri Christ, Journ. de Bot. 19 (1905) 
126. 

Voisin do G. subrepavda J. Sm. Bot. Journ. 3 403, rnais plus mince, tissu 
t*t nervation differents. 

Khizomato reponte crasso, cum basi stipiUmi squamis atro-brunneis su- 
bulatis rigidis vestito, foliis subfasciculatis, sipite 25 cent, longo lucido- 
rufo sulcato ponnao corvinae crassit.it*, fronde deltoidoa 30 cent, longa 25 
cent, lata, pinnata, pinna terminali pinnisquo utroque latere rechcos tribus 
similibus fere sessilibus nee adnatis, con Tertis, 10 cent, longis 4 cent, latis 
ba'si ovato-rotundatis oblongis acuminatis, apice intordum producto gem- 
mulamque minimam ferente, faciebus glabris, margine integro sed undu- 
lato-repawlulo, textura coriacea, colore atrovirente, costa tenui manifesta, 
nervis tenui bus patentibus rectis usque ad rnarginem protensis 6 mill, 
distantibus, nervulis 5 inter costam et margincm, convexo-arcuatis, areo- 
lam duosque nervulos liberos clavatos areolam coronantes includentibus. 

lamina fertili 15 cent, longa longius stipitata, stipitc 40 cent, longo 11 
pinnis alternis remotis oblongis 5 cent, longis 2/3 cent, latis obtusis omnino 
sporangiis brunneis tectis. 

Hah. (Annam) Thanh Than . . ., grandes forets, bords des torrents. 
Fovr. 1905. Cadiere no. 146. —Christ. 

1 do not know this fern, and insert it at this point entirely 
on the strength of Christ's statement as to its allinity; however, 
it must be noted that the presence of clavate free included vein- 
lets throws doubt on this statement. Such vcinlcts arc a char¬ 
acteristic of Ilemigramma and are not found in any sure species 
of Campium with compound fronds. 


12. CAMPIUM H YDROPIIYLLUM (Copeland) Copeland, comb. nov. Plate 9. 

Leptochilu* hydrophyllua Copeland, Philip. Journ. Sci. 1 Suppl. (1906) 
146. 

Khizomato brevi-repente, 1-1.5 mm. crasso, apicern versus paleis fuscis, 
angustis, 1 mm. longis vestito; stipitc* frondis storilis circa 1 cm. alto, 
subsquamoso, frondis l’ertilis 4-7 cm. alto; fron¬ 
de sterile plorumque 10 cm. alta, 10 mm. lata, 
integra, rarius 20 cm. alta et undulata, acuta, basi 
suhacuta, viva carnosula, sicca papyracea, glaberr- 
ima; vems immersis, inconspicuis, rnarginem vix 
attingentibus, venulis mure L. ouspidati anasto- 
mosantibus, liberis inclusis paucis; fronde fertile 
1 incare, ea. 7 cm. alta, 3 mm. lata, obtusa, in sti- 
pitem sensirn ungustata. 

Mindanao, Zamboanga, San Karuon, Copeland 1565. Ad saxa humida.— 
Copeland. 
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The color is dark olivaceous-green. The color, texture, vena¬ 
tion, and margin mark this as a near relative of Campium 
aubsimplex, and I believe it is more reasonable to regard it as 
evolved by arrested development from that species than as a 
link between C. snbsimplex and the Dendr-oylosm group, to no 
species of which it shows an equally clear affinity. In common 
with C. subsimplex, and various D end roy! ossa species, it has 
dark, opaque fronds. Free included veinlets are not rare in 
broader fronds than the one drawn. 

13. CAMPIUM HETKROC LITUM <Prcsl> Copeland, romb. nov. 

Acrostichum hi teroclitaw Presl, llc*l. Hacnk. 1 (1825) 15, pi. 2, fig- 2. 

A. frondibus ternalis, foliolis lateralibus ohlongo-lanccolalis acuminatis 
dentat is oppositis, intormedio lanceulato linearive, grossc* dentato vcl in- 
tegerrimo, acuminato, fructiferao foliolis lineari-Ianccolatis. —Pkbsl. 

Presl followed his formal diagnosis with a list of five various 
forms, differing in the number of leaflets and in the elongation 
of the apex and production of bulbils or young plants. His 
illustration shows the commonest form, with one pair of lateral 
pinnae, and the terminal leaflet long-attenuate and rooting. 

Acrnstichum. fhujcUifennti Wallieh: Hooker and Greville, Ie. Fil. 

(1829) pi. 23. 

Fronde pinnata, pinnis paucis remotis lanccolatis (magisve in in us ve 
latis) breviter petiolatis, terminali longissimu flagelliformi. 

Hab. In India Orientali. Rhecde. Wallieh. —Hooker and Greville. 

A very variable fern. It is common at low altitudes, usually 
found in abundance, and a considerable range of forms can 
usually be collected, in the Philippines, wherever it is found. 
Simple fronds on adult plants are not uncommon; they are 
cuneate, broad above the base, with the upper part drawn out 
into the characteristic tail. Fronds cleft on one or both sides 
show the transition to the typical form. There may be more 
than one pair of pinna*, but never many. These are stalked 
(except on transition forms from simple fronds), narrowed 
to the base, ovate, entire or undulate or obscurely and irregu¬ 
larly toothed, and acuminate or caudate; but proliferous pinna* 
are very unusual. The terminal pinna may be broad near its 
base, like a simple frond; or it may be narrow throughout its 
length. It is not rare for its whiplashlike upper part, growing 
on and on until it touches the ground, to reach a length of well 
over half a meter. 

The most characteristic feature of the species is this lash, 
which gave it the name by which it was long known, Acrostichum 
jtayelliferum. The rhizome is wide-creeping, slender, consider- 
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ing the size of the fronds—3 to 4 millimeters in diameter, in 
adult plants—not very densely clothed with small, dark, scurfy 
scales. The stipes are seriate, not clustered at all, 15 to 30 
centimeters long on sterile fronds, those of fertile fronds of the 
same plant somewhat longer, stramineous, sparsely scaly. The 
sterile fronds are thin, clearly green, neither blackish nor olive, 
paler on the nether side. The costa and conspicuous main veins 
are very pale. The fertile pinna? are of the same general form 
as the sterile, but smaller and somewhat narrower, never nar¬ 
rowly linear. 

An unusual variant, found, however, well throughout the 
range of the species, has the terminal leaflet like the lateral 
ones in shape, but usually larger. This form is Cyrtogonium 

acuminatum Brackcn ridge. Compensa- 
ting for the comparative suppresion of 
terminal proliferation, the lateral pinnae 
are likely to be notably caudate, with 
buds which are usually dormant. 

The venation is ill figured by Presl in 
the Reliquiae Haenkeanae, and not too 
well in the Tentamen. Beside the single 
regular row of areola? along each side 
of the costa, there is a less regular one 
on each side of each main vein. Typi¬ 
cally, the middle of the space between 
fio. ia. campium hit.era - each pair of veins is occupied by one 

rhtum (ProRi) copdand, more row 0 f* areola?, twice as numerous. 

comb. nov. ; Cuming 6. 

It is in this middle row that irregular¬ 
ity occurs, the commonest deviation being the presence of two 
or more irregular rows. Free included veinlets are wanting, 
except as an occasional veinlet fails to reach the one toward 
which it starts. 

Range: Malaya to India, China, and Papua. From the Phil¬ 
ippines to the Himalayas, there is a gradual loss of regularity 
in the venation. 

Dealing with a group of plants like this, which, within limits, 
is exceedingly unstable, it is easy for the student to be baffled, 
and to conclude that the variation has no clear limits. In 
his treatment of this species, Christ 11 seems to me to have done 
this. Leaving out of account his Unnaeamis, for the reduction 
of which a wrong determination must have been responsible, I 



14 Philip. Journ. Sci. § C 2 (1907) 159. 
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believe that two of the other three varieties he describes are 
established, if local, species. The transition to these, as I see 
it, is no more clear, and no more filled by known intermediate 
forms, than is that to Campium diversifolinm or to several other 
species. Certainly, all are related. 

CAMPIUM HETEROCLITUM var. EURYBASIS (Chriat) Copeland, comb. nov. 

heptochilu* heteroclitus var. ctirpbtwix Christ, Philip. Journ. Sci. 

§ C 2 (1907) ir>9. 

This variety is based on M. S. Clemens 552, from Camp 
Keithlcy, Mindanao. Its characteristics are smaller stature and 
deeply cut lateral pinna* which are short and very wide at the 
base, with toothed margins. As described, it looks like a dis¬ 
tinct species, almost as near to Campium quoyanum as to C. 
heteroclitum. Very ample material, collected by Mrs. Clemens, 
partly bearing the stated number and partly without number, 
shows that it intergrades almost completely with the species 
to which Christ assigned it. Many fronds have the terminal 
leaflet drawn out, and a few have started to develop buds; and 
a few have the venation almost as regular as is here pictured 
for C. heteroclitum. Such forms are atypical in being some¬ 
what cut, and in bearing marginal teeth, some of which are 
quite like the cusps of the quoyanum group of species. Such 
plants are found elsewhere in Mindanao, and more rarely 
throughout the Philippines, and are likely to be sent in as single 
specimens, without collector's number. Weber 1553 from Caga¬ 
yan Province, in the extreme northern part of Luzon, is typical 
C. heteroclitum, except that it bears a single “juvenile" frond, 
only 7 centimeters long, which conforms perfectly to the varietal 
diagnosis. 

This variety is of particular interest because the respects in 
which it deviates from the type lead, on one hand, toward the 
dwarf species, Campium enspi datum and C. tenuissimum, and 
on the other toward C. quoyanum and its numerous relatives. 
As was partly known to Christ, there are in the Philippines 
many undescribcd and remarkably various dwarfs, locally more 
or less established, but evidently enough descended from C. 
heteroclitum. 

II. CAMPIUM NKJRUM Copeland, sp. nov. Plate 10. 

C. gregis C. heterocliti, quo stipite valido paleis angustis atro- 
fuscis usque ad 7 mm longis persistentibus ornato, pinnis viridi- 
nigris opacis differ!; rhizomate 6 mm crasso; stipitibus baud 
remotis, 20 cm altis, fulvis; frondis sterilis pinnis utroque latere 
2, ca. 12 cm longis, 4-5 cm latis, acuminatis, basibus latis sub- 
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sessilibus, margine irrcgulariter crenulato-denticulatis, tenuiter 
papyraceis sod opacis; venis infra marginem sursumcurvatis et 
dissipatis, venulis more C. heterocliti anastomosantibus. Fronde 
fertile non visa. 

Ponape, Caroline Islands, T. Kang one 69 , 1925. Type in the 
herbarium of the University of California, No. 287252. 



Certainly very near to Campium h eteroclit u m; but the com¬ 
bination of frond color and opacity and of the striking scaliness 
of the dark, stout stipes marks it off clearly enough. Except 
in venation, it is more like the Indian ( flagelliferum ) form 
than like the common Philippine C. heteroclit um . 

16. CAMPIUM DIVE RSI FOLIUM (Blume) Copeland, comb, nov 

Acrontichum diver si folium Bt«umf., Enum. PI. Jav. (1828) 193; FI. 

Jav. 2 (1828) 3C, pi. 12. 

A. frondibus longe stipitatis integerrimis membranaceis glabris parallelo- 
venosis, sterilibus simplicibus, oblongo-lanceolatis aruminatis, fcrtilibus 
ternatis, foliolis lateralibus minoribus obtusis, ierminali dongata utrinquct 
acuminata, stipite rachiquc angulatis glabriusculis. 

Crcseit in montibus Javac ad ripas fluviorum. —Blume. 

Found throughout Malaya. The type locality is more defi¬ 
nitely fixed in Flora Javae as the foot of Mount Uurangrang. 
The type specimen should be in the herbarium of the University 
of Leyden. 

The sterile frond may be simple, as described, and 50 centi¬ 
meters or more in length; or it may be cleft on one or both 
sides near the base; or it may have on each side one or two 
large pinnae, and a larger terminal leaflet. I have received 
simple fronds of this, determined as Leptochiln# decurrens , to 
which it really bears little resemblance. Its affinity, as Blume 
recognized, is to Campium heteroclit urn. On larger fronds 
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FiO. 16. Campium divcrsifulium (illume) Copeland, comb. nov. ; Java, Palmer and 

liruant 555. 

than the subject of my drawing, the veins are wider-spaced, and 
the reticulation of the veinlets is less uniform. Specimens 
from Mindanao (Copeland 1543) and from Alabat Island ( Mer¬ 
rill 10469) are quite intermediate between C. diversifolium and 
C. heteroclitum. 

II. CAMPIUM FSEUDOSCALPTUKATUM Copeland, up. nov. Plate 11. 

Rhizomate repente, fere 1 cm erasso, paleis minutis fuscis ves- 
tito; stipitibus, frondis sterilis 30 cm, fertilis 35 cm altis, apud 
basin paleaceis, sordide stramineis; fronde sterile fere 40 cm 
alta, ovata, pinnata, pinnis alternantibus, utroque latere ca. 4, 
inferioribus stipitulatis, lneari-oblongis, 
maximis rnedialibus, 15-20 cm longis, 3-4 
cm latis, acuminatis, basibus cuneatis, late 
et oblique inciso-crenatis, herbeceis, laetc 
viridibus, costis stramineis venisque inferno 
prominentibus, venulis more C. heterocliti 
anastomosantibus, pinna apicale aliis con- 
forme vcl paullo laliore; fronde fertile mi- 
nore, pinnis G cm longis, 8 mm latis. 

Camiguin de Misamis, Bur. Sri. 14816 
Ramos, 1912. 

Except that it is somewhat more evidently crenate and that the 
terminal pinna is not contracted, this has a remarkable super- 



Klti. 1(1. Campium ]>neu- 
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ficial resemblance to Fee’s plate of Heteroneuron scalpturatum. 
The venation, however, is of the plan of Campiuni heteroclitum, 
modified as the narrower pinnae reduce the number of areolae 
and in being more lax. The venation, margin, texture, and color 
of axes and lamina, all mark it as a near relative of C. hetero- 
cliturn. It is different in the stout rhizome, more numerous 
pinnae of very distinct shape, and terminal pinna not lashlike; 
the last feature is likely to prove not constant, but the others 
may be presumed to be so. 

17. CAMP1UM I'OXWOHTIIYI Copeland, »p. nov. Plate 12. 

Rhizomate repente, gracile, 1-2 mm crasso, paleis castaneis, 
linearibus, 1.5-2 mm longis vestito, glabrescente; stipitibus seria- 
tis, graeilibus, viridulis, 5-8 cm longis, praccipue deorsum paleis 
paucis deciduis vestitis, frondium fertilium paullo longioribus; 
fronde sterile lanceolata, utrinque angustata, acuminata non 
flagellifera, interdum prolifera, integra vel superne obscure 
crenato-denticulata, herbacea, glabra, viride; venis primariis 
conspicuis, inter eas areolis triseriatis, 
venulis inclusis normaliter nullis; fronde 
fertile parva, 2-3 cm longa, lineari-lan- 
ceolata, aut integra aut ad basin utrinque 
pinna vel lobo minuto rotundato praedita. 

Luzon, Rizal Province, Bur. Sci . 68 Fox - 
worth}! 9 190G. Type in my herbarium. 

From this collection number, Christ 1:< 
described Leptochilus heteroclilus var. 
foxworthyi, but, at least as to the sterile 
frond, his description is not of the plant 
1 have. A confusion of specimens or labels must be suspected; 
for it is not conceivable that Christ regarded this plant, with 
simple fronds, as “almost exactly intermediate between the 
type [helerurlitus] and the variety ineonstans." 

IN. CAMPll'M TENUISSIMUM C'opclnnd. up. nov. Plate 13. 

Rhizomate repente, gracile, paleis castaneis 2-3 mm longis 
vestito; stipitibus brevibus, validis, stramineis, paleis paucis 
ornatis, frondium sterilium 2-3 cm, fertilium 3-4 cm altis; 
fronde sterile pinnata, pinnis utroque 1, rarius 2, stipitulatis, 
oblongis, 1-2 cm longis, obtusis, basi abrupte et oblique cuneatis, 
interdum basiscopice lobo uno praeditis, obscure dcnticulatis, 
herbaceis, venis magnitudinen laminae secundum paucis et irre- 

la Philip. Journ. Sci. § C 2 (1907) 160. 
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gularibus, pinna tcrminale valde clongata, ca. 20 cm longa, 6-4 
mm lata, infra apicem prolifera; fronde fertile conforme sed 
parva, 5-10 cm longa, pinnis lateralibus orbiculari-oblongis, ter- 
minale anguste lineare, oblique dense 
fructifera. 

Luzon, Laguna Province, Los Banos, 

Copeland .w >/., 1906. Type in my her¬ 
barium. 

While very probably evolved by re¬ 
duction from a larger species, this does 
not appear to me, in spite of the conspicuous proliferous llagel- 
lum, to be too closely related to Campium heterociitam to justify 
its description as a distinct species. 

19. CAMPIUM CUSPI DATUM (Prcsl) Copeland, comb. nov. Plate 14. 

Nephrodium (?) cuspidatum Frksi,, Rol. Haenk. 1 (1825) 31. 

Heteroffoniinn cuspidalmn Pkksi., Epim. Dot. (1851) 1(511. Not Lcp- 
toc/iilus cuspidalus C. Christensen as to other synonyms. 

N. frondibus lineari-lanccolatis gluhris pinnatis, pinnis oppositis sub- 
sessilibus lanccolatis obtusis euspidafo-serratis membranaeeis, terminali 
longissima lineari-lanceolata subradirante. 

Hab. in insula Sorzogon. [Sorsogon Province, Luzon.] 

Caudex repens teres glaher, radicibus longis flexuosis fibrillosis. Stipes 
pollicaris filil'orniis glaber, supra eanaliculatus. Frons 3 - 5-polliearis 
glaberrima mom l) ran area pinnata. Pinnae somipollicaros brevioresve ses- 
quilincam latae, oppositae aut suboppositae, lanceolatae obtusae serratae, 
serraturis ouspidatis, basi in petiolum brevem attenuatao, terminali bi- 
tripollicari lineari serrata, basi laneeolata in petiolum attenuata s. cuneata, 
apice subinde radicans . . . —Prksi.. 

The clue to what NepJrrodium cunpidatum really was, is given 
in the Epirneliae, where Presl identified it with the smaller and 
less-divided plants distributed under Curn-inn Ml, the subject 
of the accompanying plate, distinguishing the more ample and 
more cut specimens as Heterogonium argut u ni Fee. My speci¬ 
men of this number came with three names: Cyrtogonium mnuo- 
.s uni J. Sm. (status Juvenalis), which is this form; Heterogonium 
argutum Fee; and Acrostichum quoyanuni Gaudich., Hook.— 
the last two should not have been applied to this plant. It is 
well known that some of Cuming’s fern collections from different 
places in the Philippines were combined under single numbers 
after they reached England, but before their distribution, with 
the result that it is not at all unusual for one number to apply 
to two or more species. 

This is a small fern, usually not more than 10 centimeters 
in total height, with plural pinna?, usually connected by a wing, 

238740-3 
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clearly evolved by reduction or arrested development of Cant - 
pram heteroclitum . Depending upon the size of the pinnae, the 
veins may be free, as in the accompanying drawing, or they 
may form a few areolae. 

With this species, I think it proper to combine Gymnopteris 
inconstant Copeland, Perkins’ Fragmenta (1905) 178, a form 

collected many times along La- 
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Fig. 19. Campium ennpufatum (Pretil) 
comb. nov. ; a, from Cuhi hip 
Ml; b, from rotype of Gymnoptcris in* 
ronntann Copeland. 


mao River, near Manila, which 
differs only in the constantly 
more entire margin. Christ 
recognized the affinity of this 
to Campium heteroclitum. The 


error, which has been prevalent in the identification of C. cus- 
pidatum and in not assigning it to the same group, probably 
goes back to the original confusion of two species in Cuming’s 
collection. 


29. CAMPIUM UUOYANUM (Caudichnud) Copeland, comb. nov. 

Acrostic hum qcoyamnn Gaudiciiaud, Hot. Freycinet’s Voyage (1827) 
30G, pi. 3. 

A. frondibus sparsis (?); sterilibus pinnatis, superioribus confluenti- 
bus; pinnis alternis, oblongo-lanceolatis, acuminatis, pinnatitidis; laciniis 
Kubfalcatis, obtusiusculis, duplicato-scrratin, subciliatis; fertilibus pinnatis; 
pinnis petiolutis, lineari-lanreolatis, undulato-crenatis, superioribus sub- 
oonfiucntibus. 

In insulis Moluccas (Pisang, Rawak, Vagiou, etc.). Gaudichaud. 

With the recognition of cuspidal am as the specific name of 
a member of another group of species, quoyanum- becomes the 
valid specific name of the far commoner fern called Lcptochilus 
cuspidatus by Christensen, and in the previous literature most 
commonly called Acrosfichum repandum Blume. The dates of 
publication, given as 1827 and 1828, are so close together that 
Blume might well have been ignorant of Gaudichaud’s species. 
Blume ,!i described in succession, on the same page, Aerostichum 
prolife rum from sterile plants and A. repandum from fertile, 
but in another publication 17 he recognized them as the same 
plant, and figured both fronds. Ilis figure represents a fern 
less deeply cut and less sharply toothed than typical Campium 
<juoifauum , and this is true of all Javan specimens in my hands; 
but these differences mark it as an established form, rather than 
make it worth while to try to recognize it as a species. This 
is a common fern in the Philippines, where the majority of 


K numeration 101. 
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specimens are closer to typical C. quoyanum than to the Javan 
form. 

With some relatives, this forms a natural group, distin¬ 
guished from the other species with copiously pinnate fronds by 
the gradual reduction of the pinna?, toward the apex, the apical 
part of the frond, made by the “coalescence” of the upper 
pinna?, being pinnatifid at its base, then lobed, and more or 
less entire near the tip. Proliferation is common in this group, 
as in that of Campinm heteroclitum , but not usually among 
the species that have the terminal leaflet like the lateral ones. 
The rhizome is typically stouter and more woody than that of 
C. heteroclitum , and evidently of slower growth in length, for 
the stipes are almost clustered. Associated with this difference 
is the fact that C. heteroclitum is (rarely) found on tree trunks, 
and not rarely on large bowlders, while Campium quoyanum 
is quite strictly terrestrial. 



l-'itl. 20. (’ampium i/U(>//anutn (Onudu-huud) Coprland. comb. imv.; a. Mindanao, h'.lmtr 
1 SiHS’, b. Acmuiu hum ti jutmlum Hlunu\ Java. Mttimu't li<>; r, Cntnpium <juoyanmrt, 
China, United Si a tea National Herbarium. No. 2H224K ; ii, near ('ampium tiuoyanum, T»>- 
dayu, Mindanao, ('njuiaml i*. u. 


Chrysodinm hlpinnatifidum Kuhn in the Seychelles represents 
this group in the West, as Campium riralare and C. palustre do 
in the extreme Fast, and Lcptochilux taylori (Hailey) C. Chris¬ 
tensen in Australia. Between these geographical extremes, C. 
quoyanum seems to occupy the entire area. Toward the north it 
reaches southern China and Formosa and is reported from the 
Riu Kiu Islands. I cannot distinguish Chrysodium namnanui 
Kuhn, described from New Ilanover, sufficiently to care to 
transfer the name. 1 have what seems to be this, from Papua, 
collected by C. King, and from Kaiser-Wilhelms Land, collected 
by Schlechter. 

The sterile fronds of C. quoyanum are 30 to 50 centimeters 
long, on stipes 20 to 30 centimeters long. The stalked pinna', 
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half a dozen to a dozen or more pairs, are 8 to 15 centimeters 
long, 15 to 30 millimeters wide, acuminate, truncate at the base 
but usually less abruptly on the lower side; the margin is 
cut one-fourth to one-half of the way to the costa, forming toothed 
lobes, with or without bristles in the sinuses; if narrow, the 
lobes tend to be falcate; the lamina is thin, clear green, and 
glabrous, but the rachis is persistently slightly scaly. The 
fertile frond is similar in length, but the pinnae are shorter, 
much narrower, and commonly sinuate instead of lobed. Rosen- 
stock's variety marginatum '* has unusually broad fertile pi nine 
with the sporangia restricted to a marginal band. If the species 
were distinct, this should be referred to C. nuumanni. 

A rare Philippine form with deeply and permanently red 
sporangia is represented by Cuming 29 .£ (Cyrtogonium lad - 
niahim J. Smith), from Leyte, and by Elmer UU f 6S in part, 
from Mindanao. 

Within the range of Campium qvoyannm , it seems expedient 
to recognize as distinct the northern Luzon form to be described 
next. I have also a single plant from Todaya, Mindanao, alti¬ 
tude 800 meters, with sterile frond of the same general form 
as Acrosticlmm rcpandum , short, entire fertile pinna?, the vena¬ 
tion shown herewith, and some minor differences. It is probably 
a distinct species, but may await description until found again. 

IIKTERONKURON SINCOSUM Fee. 

lletcronenroH ainuosnm Fee, Acrost. (1845) 95, pi. 55, fig. 2. 

Frondibus storilibus pinnatis, rhachi squamis raris ft*rente, frondulis 
anguste lanceolatis, suboppositis altornisque, basilaribus potiolatis, ultimis 
sessilibus, repando-sinuatis, sinubus nervilla brevi instruetis, apico aeumi- 
natis, basi aeutis, terminal! longiori, in acurnim* elongate dcsinente, petiole 
longo, anguste canaliculate. 

Habitat in Philippinis. Cuming nos. 105 ct 101 in herb. Vindob. non 
alibi. 

Dimensions: La longueur totale des frondos fortiles, les seules que nous 
connaissions, atteint 45 ccnLim., mesure prise a la base do la frondule ter¬ 
minate; rellc-ci a pres de 14 eentim., sur 15-18 milliin. do large; le petiole 
egale la lame on longueur. Nous ayons sous los yeux des specimens un 
peu plus petits, avee des sinus moins marques.— Fee. 

Very evidently, it was not the fertile, hut the sterile fronds 
that alone were known by Fee. Cuming 105 in the United States 
National Herbarium is this plant, but Cuming 101 in that 
herbarium is Fee’s Heteroneuron argutum. 1 have collected 
this fern (II. xinuosum), young and sterile, near Pagsanjan, 


" Feddc’s Repert. 9 (1911) 420. 
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Laguna Province, Luzon, and with it another, adult but having 
lost its fertile pinna*, intermediate between this and Campium 


quoyanum. The young plant is decidedly 
reddish, as is less conspicuously true of the 
Cuming specimen, but not of my adult plant. 
An approach to this fern is presented by 
some of the very aberrant plants referred 
to C. heterocUt um, but the affinity to C. quo¬ 
yanum, is the more evident. This looks like 



Fr«. 21. FI ft crone u ran 
sinuoHinn Fw; cotype. 


a distinct species, but I am not giving it a name in Campium 


until fertile specimens may establish its status better. 


21. CAMPIUM VAI.IDIJM Copeland, sp. nov. Plate 15. 

Rhizomate lignoso, 1 cm crasso, paleis parvis fuscis obtecto; 
stipitibus, frondis sterilis HO cm, fertilis 45 cm alt is, validis, 
—\ brunneis, pedibus paleaceis, alibi nudis; 

t/ s '/ fronde sterile 10 cm alia, ovato-lanceolata, 
rhaebi brimnea; pinnis utroque latere 15, 
inferioribus brevipedicellatis, fere 10 cm 
long is, 2 cm latis, acutis, basi truncatis sub- 
obliquis, inciso-lobatis, sursum gradatim ini- 

. . . lioribus et obtusis, segmento apicale frondis 

nov. ; typo. e pinnis eoadunatis composito parvo, ca. S 

cm longo, acuminato, prolifero; venis more 
C. quoya ui anastomosantibus; frondis fertilis pinnis paucis, 
aequalibus, fere 10 cm longis, 15-20 mm latis, profundius lobatis. 

Luzon, Cagayan Province, Hur. Sci. 1S807 Ramos, 1912. 

One of the group of Campium quoyanum. The fertile frond 
is remarkable enough to be suspected of being a monstrosity. 
The sterile irond differs from that of common C. quoyanum, in 
its naked axes, more numerous and blunter pinna*, regularly 
decreasing in size toward the apex, and in the small and narrow 
apical segment. 



22. CAMPIUM .SURCORDATUM Copeland, np. nov. Plato 16. 

C. gregis C. quoyani pinnis basi plus minus cordatis; rhizo¬ 
mate repente, 1 cm crasso, apice paleis nigro-castaneis late 
lanceolatis integris acuminatis 2-3 mm longis vestito; slipite 
frondis sterilis usque ad 40 cm alto, fusco-fulvo, sordide squa- 
muloso, sursum rhachique supernc bisulcatis; fronde sterile 
(exernpl. visorum) 35-40 cm longa, 20-30 cm lata; pinnis utro¬ 
que latere ca. 7, medialibus 15 ern longis, 3.5 cm latis, plerisque 
falcato-caudatis, subsessilibus, basi subcordatis vel solummodo 
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truncatis, leviter crenato-lobatis lobis crenulatis sinubus saepe 
setiferis, tenuiter papyraceis, costis fulvis inferno praestantibus; 
arcolia inter venas primarias pluriscriatis vel irregularibus, 
areola infima quae nec costam nee venas attingit venulam unam 
sirnplicem excurrentem includente, liberis indusis alibi, ob im- 
perfectioncm reticulationis, baud earentibus; pinnia infimis op- 
poailis paullo latioribus basiseopice rotundatis; foliola termi- 
nale majore, profundius falcato-lobatis, sub apicc prolifera; 
fronde fertile angustiore, 30-40 cm longa vix 10 cm lata; pinnis 
utroque latere 7-10, remotis, ca. 6 cm longis, vix 1 cm latis, ob- 
tusis, basi truncatis, cronato-undulatis. 

Hainan, southern slope of Five Finger Mountain, McClure , 
Canton Chr. Coll. ifCUi. Type in the herbarium of the California 
Academy of Science, No. 01888. Also in the same herbarium, 
No. 9340. 



Sterile specimens from Hong Kong (Oldham) and Chekiang 
(7/. II. Ila l. r >6, 1920) probably are this species, but are not 
mature or complete enough for positive determination. Fu Kien 
specimens, Norton U)r>H and /0.7.9, are likewise sterile, but quite 
positively belong here. Specimens from Hainan, Knjl Smith 
1 97,7, and Ilong Kong, \V rip lit ,s. n., are likewise referred here, 
though the fertile pinna' are smaller than those described, and 
the lateral sterile pinna* are toothed but not lobed. 

23. CAMPIOM INTKKIJNEATUM Copeland. *p. nov. note 17. 

Uhi/.omato lignoso, 0 mm crasso; stipitibus approximate, 
frondis sterilis 35 cm, fertilis, 45 cm altis, rhachibusque brun- 
neis, sordide furfuraceis sursum glabrescentibus; fronde sterile 
50 cm longa, 25 cm lata, pinnata; pinnis utroquc latere ca. 8, 
brevipedicellatis, majoribus 15 cm longis, 35 mm latis, falcato- 
caudatis, basi truncatis vel superioribus latere aeroscopico cu- 
neatis caudam versus falcato-crenatis rhachin versus undulatis, 
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papyraceis, rubido-tinctis, segmento treminale latiore su bine iso; 
venis usque in lobos martinis protensis; venulis more C. quo- 
yani anastomosantibus, sed ob magni- 
tudinein et texturam firniiorem frondis 
reticulationem ampliorem cflicicntibus, 
cum liberis inclusis haud paueis venam 
spuriam inter veras simulantibus, 
fronde fert ile con forme, pinnis ca. 6 
cm longis, 8 mm latis, integris. 

Borneo, Sarawak, Bungo Range, C. 

J. lirooks 12, 1909. 

This has the frond form of a large 
Acrostlchum repandrnv , but the texture 
and the venation are distinctive. The reddish caste suggests 
C. sealpturatinn, but the venation is very different. 



Fifl. U4. Cuinjiinm 
tutu Copoland. np. 


mlerlitwa- 
nov. ; type. 


24. CAMPllIM PALUSTRE (Hrark«*nridtrr) Copeland, rumh. nov. Platt* IS. 

Cyrtogonium palnMre BitACKKNlllDCB, U. S. Expl. Exped. 16 (1854) 
80, pi. 12, fig. 2. 

C. terrestre; stipitibus somitoretibus sulcatis paree paleaceis; frondibus 
memhranaeois glabris pinna!is apice sinuato prolifcris; pinnis oblongo- 
lanceolatis pinnatifidis acuminatis basi oblique cuneatis, laeiniis oblongis 
erenato-denticulatig, fertilibus minoribus oblongo-lanceolatis pctiolatis in¬ 
tegris. 

Ilab. Tahiti, Society Islands: in marshy grounds near the coast. 

Stipes from 10 to 12 inches in length, half-round, with 2 to 8 shallow 
grooves in front, densely paleaceous at the base, towards the summit less 
so; the paleae oblong, acuminate, reticulate, with a ragged dentate margin. 
Sterile fronds deltoid-oblong, acuminate, rooting at the apex, smmdh, rat hr r 
membranaceous, pinnate at the base, sinuate-pin tuUi/id. towards the point. 
Inferior pinnae 4 to 5 inches long and an inch broad, subpetiolato, nearly 
opposite, oblong-lanecolatc, acuminate , pinvatiftd, with an oblique runcate 
base; the middle ones adnate and decurrent; while those toward the point 
are confluent, entire, suhfalcate and obtuse. Srgwcnts oblong or triangu¬ 
lar-ovate, the margin denticulate, with a single* stiff hair seated at the 
base of the sinus. Fertile fronds narrower , with from 11 to 16 pinnae . . . 
Veins prominent on both sides, the anastomosing veinlets slender.— 
Buackenkidgk. 


From the number of collections, this seems to be a common 
fern in Tahiti and Samoa. As in various other proliferous 
species, the apex is variable, sometimes forming a long narrow 
rooting tail. Samoan specimens too similar to seem specifically 
different have the sterile pinna 1 uniformly wider, more conspic¬ 
uously falcate-caudate, more deeply cut with narrow, subfalcate 
lobes, and more numerous areolae in the uncut lamina. 
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The terminal segment may be short, 5 to 10 centimeters long, 
contracted from a broad base, through a short, lobed portion of 
a few lobes, to a short tail; or it may be drawn out, as in the 
more attenuate forms of Campium heteroclitum , into a sinuate 
or lobed lash. 25 centimeters or more in length. The pinnae 
normally bear a visible excrescence at about the base of the 
narrow apex of each, showing potential proliferation. A Sa¬ 
moan specimen, collected by Francis C. Prince in 1898, has the 
F,li - “ f) - ( ' at ”p {um patnatro tails of the pinna; drawn out to 5 cen¬ 
timeters or more, and the majority of 
them bear well-developed little plants. 

New Caledonia specimens, Rosen - 
stock FiL Nor. CaL 31, distributed as 
Leptochiliis quoyamim , but better to 
be called Campium palustre , have the 
lowest pinnae strongly developed on 
the lower side, and the veins anas¬ 
tomosing less freely than is typical. I 
think it very possible that these re¬ 
present Chrysodium sagenioides Kuhn, and abstain from reduc¬ 
ing that species to Campium palustre chiefly because of Kuhn’s 
description of the venation. Campium palustre is represented 
from Queensland by a specimen collected by Dietrich, United 
States National Herbarium, No. 2119584, distributed “ex museo 
Godefroy Hamburgensis" as Chrysodium cuspidatum Kuhn. 



( Brackenritl^e) Copeland, 

cornl). nov. ; Tahiti. St'tchell 
and Parka \35. 


2!». C AMPIUM SAMOKNSK Copeland, up. nov. Plato lit. 

Species gregis U. quovani; rhizomate repente, paleaceo, 5 mm 
crasso; stipite frondis fertilis 50 cm alto, graeile, fulvo, ad 
pedem paleis fusco-fulvis lanceolatis 8-5 mm longis vestito, 
alibi rhachique glabrescentibus; frondis sterilis verisimiliter 
parte solummodo in manubus 80 cm longa, ultra 20 cm lata, pin- 
nis inferioribus 18 cm longis, 2-2.5 cm latis, basi subsessilibus 
utrinque late (et basiscopice latius) cuneatis, apice caudatis 
cauda breve aut recta aut falcata anguste lineare late crenata, 
margine oblique hand piofunde inciso-lobatis lobis integris si- 
nubus acutis interdum dente spiniforme munitis, membranaceis, 
quoad laminam glabris, brunnescenti-viridibus, costis gracilibus 
inferne paleis minutis ornatis, venatione C. quovani venulis 
tenuissimis inferne conspicuis; segmento terminale frondis breve, 
pinnatifido lobis ovatis falcatis, in caudam 25 mm longam in 
specimine non proliferam desinente; fronde fertile 80 cm longa, 
15 cm lata, apice composita, pinnis utroque latere ca. 10, infimis 
9 cm longis, 9 mm latis, stipitulatis, longe sensim acuminatis, 
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deorsum late crenatis cum spina in sinu quoque, superioribus 
integris vcl similiter spiniferis absque crenatione ulla, inferno 
tota latetudine sporangiis obtectis. 

Samoa, Rev. T. Powell . Type in the Gray Herbarium. 

A relative, more particularly, of 
Cam plum paiustre , as indicated by the 
oblique lobes, but differing in the 
broader base of the longer, narrower 
sterile pinnae with parallel sides, less 
abruptly narrowed to narrower, short¬ 
er, nonentire tips, conspicuous vcinlcts, 
brownish green color, and most conspi¬ 
cuously in the long, narrow, fertile 
pinna?. From Campium quoyanum , it differs in the more cuneate 
base of the sterile pinna?, shallow, entire lobes, and long-pointed, 
more entire, fertile pinnie. 



26. CAMPIUM RIVl’I.ARK (Hrarkrnriil(’« , l ( niicland, rotnb. nov. Plate 20. 

Cyrtogouimn riralare BkackenkidcK, Hot. U. S. Kxpl. Exped. 16 
(1864) S. r », pi. 11, fig. 2. 

C. rhizomate repente; stipitihus angularibus paleaeeis; frondibus mem- 
branaceis glabris oblongis attenuatis basi pinnatis versus apieem sinuato 
pinnatifidis, fertilibns minorjhus; pinnis integris oblongo-lanceolatis vel 
ovatis obtnsis subfaloalis up ice pruliferis. 

Hab. Ovalau, Feejee Islands: banks of streams, on wot rocks, in shady 
places. 

Jxootstncic creeping, about tin* thickness of a goosequill, and paleaceous; 
the pnleae reticulate, ovate-oblong, attenuate, dentate. Stipes angular, 
slightly furrowed, 4 to 5 inches long; that of the fertile frond Hi to M 
inches long, and, together with the rhachis, bearing slender ni/wis paleae. 
Sterile fronds H to 10 inches long, smooth and membranaceous, oblong, at¬ 
tenuated, the base /annate, towards the apex sin an to-pi n nut ifid, the latter 
with the obtuse [joints of the pinnae proliferous . Fertile fronds small, 
not exceeding 1 inches in length, with the points of the pinnae oblong 
lanceolate or ovate , more rounded than in the sterile ones. — Hkackunuux;*:. 

As this is not represented among the numerous Fiji ferns in 
local herbaria, I conclude that it is not common; but this kind of 
question, as to Fiji, is expected to be answered by the careful 
collection now undertaken by the Bishop Museum. 11 ' Bracken- 
ridge’s plate shows a very distinct species, with a single pair of 
free pinna 4 ; less than half of the lobes of the body of the frond 
are proliferous. 


10 These collections arc now in hand and show that Campium rivuUirc is 
a clear-cut and distinct species, but that in its full development it has 
many pinna 4 and is not remarkable for the* production of numerous buds. 
Venation and shape of pinnae are substantially as described by Brackcnridge. 
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Beside the type, the only specimen 1 have seen is a sterile one 
from Fiji, Horne 0’<!)£, in the Gray Herbarium, collected in 1877- 
1878. It has one pair of stipitulatc pinna?, the next two or three 
pairs adnate, and the rest of the frond coadunate, lobed or pinna- 
tifid but not nearly to the costa, it is much broader than the 
specimen figured by Brackenridge, the basal pinna? reaching a 
length of 10 centimeters. Also, no pinna? are actually prolifer¬ 
ous. Still, the almost entire bluntish pinna* and lobes, the large, 
shallowly lobed or pinnatifid upper part of the frond, and the 
venation make the identification positive. The main veins are 
very weakly developed. 


Soc. N. S. Wales 5 


27. CAMPIUM NEOLECTl'M <F. JV1. Hailey) Copcliinrf, romb. nov. 

Acrostic-hum neglectum F. M. Hailey, Rroc. Linn. 

(1881) 32; Syn. Queensland Flora (1883) 722. 

Rhizorna squamosum, fuseum, durum, Tjomariae simillimum, frondibus 
fertilibus et sterilibus Y ad 3' alt. lanceolatis, prof unde pinnatifidis, seg 
mentis angustis, linearibus, marginutis. Stipite frond, steril. alibus den- 
tat is vel lobatis marginutis, segment, lanceolatis, serratis, dentibus serratis 

vel aculeatis, long. 3" ad 6", lat 6"' ad 9"'. 
Alae supradictae lat. G"\ Vcnis ut in A. 
repandurn. 

In vallis perumbrosis, 'trinity Hay 
Range. 

Rhizome creeping, scaly, dark coloured, 
hard. Fronds of two kinds like a l/omaria , 
one to three feet high, lanceolate in outline, 
deeply pinnatifid, stipes in the fertile frond 
more than half its length, and bordered by 
a narrow wing . . . Stipe of the sterile frond half the length of frond, 
bordered by a toothed or lobed wing to the base . . . •-Bailey (1881). 



7T- 


/ f > f y- 


Fiti. 21. ('ainf/ium nvularo (Hrac- 

kcnridKc) Copeland, coml>. nov. ; 
Fiji. Home 69h. 


The English translation is copied verbatim in the synopsis of 
the Queensland Flora. 

leones: Hooker’s 1c. Plant. Ill 7: pi. 1689, with a modified 
Latin description; Bailey, Lithograms of the Ferns of Queens¬ 
land, pi. 185. 

Bailey, beside noting a resemblance to his Acrostichum re - 
pnndum , refers to a specimen so named in the herbarium of 
J. Smith. Baker says “it comes nearest to the widely spread 
A. virens.” It differs from either of these conspicuously enough 
to make me suspicious as to the genus. 


2K. (!AMPI1JM TAYLORI <F. M. Hailey) Copeland, comb. nov. 

Acrostichum Taylori Hailey, Rep. of Ql. Accli. Soc. April, 1884. 
Fronds scaly, somewhat tufted from a short, creeping, knotted rhizome, 
stipes of fertile fronds from under 2 inches to 5 inches long, slender, those 
of the sterile fronds usually shorter; fronds pinnate in the lower, pinnatifid 
in the upper part, and usually terminating in a narrow, tail-like, proli- 
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ferous apex; pinnae ohtuse-oblong', very irregularly lobed, 1 to 3 inehcs 
long, 3 to 11 lines broad. Veins forming 1 a row of long eostular areoles. 
the rest free to the margin. 

Hah.: On wet rocks, Johnstone River. 

Wry near .1. rcpandnm HI., but a much smaller plant with a closer 
habit.—F. M. Hailey, Syuop. Queensland FI. Suppl. 1 (1886) 65. 

Not seen. So far as explicit statements go, nothing in the* 
foregoing description except the “closer habit” would distin¬ 
guish this from Cam pi am argutinn, which is very lax in its fully 
developed form. Bailey figures this, showing rounded apices 
of pinna? and lobes; the pinna? lobed a third of the way to the 
costa or the basal ones half-way; lobes about four on each side, 
almost entire except for the tooth in the sinus; pinna*, three pairs 
stalked and one pair adnate, below the pinnatilid apex, which 
is half of the length of the frond. 

29. CAMPIUM PAKVIIM Copeland, up. nor. Plate 21. 

C. nanum gregis C. quoyani, rhizomato reponte, 2 mm crasso, 
paleis fuscis ovatis, acuminatis, 1 mm longis obtecto; stipitibus 
seriatis, gracilibus, minute sparse paleatis, frondis sterilis usque 
ad 4 cm, fertilis ad 0 cm altis; frondo sterile 5-0 cm longa, 
ovato lanceolata, pimiata, rhachi anguste alata, parte terminate 
e pinnis coadunatis confect a; pinnis utroque latere 2 vel 3, in- 
fimis stipulatis, late ovatis, obtusis vel rotundatis, basi dilatatis 
sed decurrentibus, interdum obscure pauci- 
lobatis, irregularitc*r dental is dentibus 
rarissime apiculatis; venis inconspicuis, 
extra areolas costales irregulariter anas- 
tomosantibus, venulis liberis inclusis nul- 
lis; frondo fertile conforme minore, 3.5 
cm longa, 1.5 cm lata, pinnis infimis si- 
nuato-lobatis. 

Kaiser-Wilhelms Land, in mountain woods. altitude 300 m. 
s. rn., Sehlechtrr 161 fid t 1007. Type in the herbarium of the 
Lniversity of California, No. 220411. 

This was distributed as Leptochilus inconstant, which it re¬ 
sembles in hardly any respect independent of size. This is 
certainly one of the C. quoyanum group, as shown particularly 
by the fused pinna* composing the upper part of the frond. The 
single pinna? are too small to develop main veins, but the larger, 
upper part of the frond shows the venation of the pinna* of the 
larger species of the group. 

'*■" Lithograms of the Ferns of Queensland (1892) pis. 183, 181. 



En:. yft. ('am t>imn jmrvum 
sir. nov. ; 
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A sterile specimen from Papua, King 260, 1909, is possibly 
the same as this, but its stipes are persistently densely scaly. 

30. CAMPUJM ARGIJTUM (Fee) Copeland, comb. liov. Plate 22. 

Heterovcnron aryntum Fee, Acrost. (1845) 96, pi. 25, fig. 2. 

Frondibus sterilibus basi bipinnatifidis, a pice pinnatis, frondulis basila- 
ribus laclniis suboppositis, curvatis, inciso-dentatis, dentibus argutis, rhachi 
subnudo, piano; ferlilibus pinnatis, pediccllatis, frondulis in apicc ovato 
roalitis, primariis pinnatifidis, petiolo universale (rhachi) piano; rhizomate 
repente, flexuoso, librilloso, crassitie pennae eolumbae; sporangiis rotundis, 
late pediccllatis, annulo 18 14 articulato, sporis magnis, rotundatis, epis- 
porio persistente. 

Habitat in Manila, nee non in Philippinis, Luyon (Cuming). 

Exsiccatum: Cuming no. 161, non no. 105. 

. . . M. Kunzc, qui a vu noire specimen, le declare jeune. F&e. 

This has remained a doubtful species since the time of Fee, 
except for additional and accurate notes by Presl,-' who called 
attention to the mixture under Cuming’s number. Cuming 161 
in the United States National Herbarium is typical. Probably 
the same as this are plants recently brought in by Dr. F. T. 
McLean. Because these represent the plant in a really mature 
form, on which the description ought to be based, a description 
fitting them follows: 

Rhizomate repente, 2-3 mm crasso, paleis nigro-fuscis parvis 
tecto; stipitibus approximates, sordide strarnineis, frondium ste- 
rilium 20 cm, fertilium ca. 35 cm altis, paleis 
paucis angustis 3-5 mm longis aliisque mi- 
nutis vestitis, glabrescentibus; fronde sterile 
ca. 25 cm longa, ovata, subbipinnata, lamina 
glabra, herbacea, laete viride; pinnis liberis 
ca. (Lpuribus, infimis longe (T cm) stipitu- 
lalis, caudatis, prof unde pinnatifidis, lo- 
bis obtusis, falcatis, serrulatis, infimo interdum libero (deinde 
pinnula), sinu quoque unilateraliter dente uno acuto ornato, 
parte apicale frondis e segmentis coadunatis composita, frondi¬ 
bus visis non proliferentibus; venulis ob dissectionem frondis 
saepe liberis, areolis paucis et irregularibus; pinnis fertilibus 
crenato-sinuatis, 2-4 cm longis, 3 mm latis, infimis interdum 
majoribus et pinnatifidis. 

Luzon, Cagayan Province, Claveria, McLean, Catalan , and Pe¬ 
ralta .s\ //., 1920, McLean and Catalan s. n. % 1919. 

A member of the group of Campium quoyammi as to conspic¬ 
uous characters, differing from that species in the greater dis¬ 
section, and in the narrower and more uniform pinna*. 

" l Epim. 169. 



FIG. Z'.K Campium aryu- 
tum ( Fi’m*) Copeland, 
comb. now 
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31. CAMP1TM UIP1NNATIF1IMTM (Metteniun) Copeland, comb. nov. 

Chrysotlimn biphrmitifidum (Koivin) Mettenius in Kuhn, Fil. Afr. 

(1868) 50. 

Khizoma ripens, validum, palcis Iancc*olatis, fuscis squamosum; folia 
inembranacea, firma, supra opaeo-viridia, infra ad costas palcis paucis 
squamulosa, stmilium putiolus 5" longus, stramineus, rhachis marginala; 
lamina 9" louga, uvula, acuminata, pinnutisecto-pinnatipartita s. basi 
dcorsum subbipinnatisccta; supra sub apice c costa prolifera; segmenta 
patontia, a basi inaequali, superiors tr uncut a s. subcordata, inferiors cu- 
neula s. rotundata, elongata, attenuata, infima brevi petiolulata, superiors 
basi dcorsum adnata s. decrescent is, suprema in apicem pinnatifidum con¬ 
fluent ia, lobi laciniaeve ala manifesta coadunatae, sumioblongo uvulae s. 
elongato-oblongae, serratat'; dentes herbacei, obtusi s. aeuti, basales in tern i 
ad sinus loborum maximi; nervi in patina inferiors manifesti, catadromi; 
maculae ad sinus laciniarum bi-subtrisoriatae, secus costulas uniseriatae. 

Ins. Sechellae (Boivin).—Ins. Borboniac* (Boivin). Kuhn. 

I now think that this can safely be regarded as a species distinct from 
the Asiatic and Polynesian L. cusjiidalus C. Chr. ( Acrosliclmm repundum 
Blumc). It differs in tlu* more deeply cut pinnae, which are truncate at 
the base, not cuneate, and in the more decidedly scaly costae. The lower¬ 
most pinnae are rather unequal-sided, the upper ones decurrent at the lower 
base, and the fertile pinnae deeply cut into bluntly rounded lubes. The 
sterile fronds often have rooting tips. CiluiSTENSEN, Trans. Linn Soc. 
Hot. 7 (1912) 411. 

These distinctions may apply to the rv.pandnm form better 
than to typical (\ quo pan inn. 

This is the most western species of its group. 

A specimen from the Seychelles in the Gray Herbarium con¬ 
forms perfectly with Mettenius’s description in all respects ex¬ 
cept size, being more than 40 
centimeters long (the sterile 
lamina), and also broadly 
ovate. The lowest two or three 
pairs of pimue are stalked, the 
middle ones adnate on the lower 
side, and in the upper third of 
the frond coadnate, but con¬ 
nected by a narrow wing. The 
lowest ones art* narrowed to the 
base, with a single small, oblong, almost free segment. In gen¬ 
eral aspect, it suggests a Pleocnemia. However clearly a mem¬ 
ber of the same group, it is very distinct from Campium quoya- 
tium, and, because of the deep dissection of the pinna?, especially 
so from the Javan, repandum, form. It is distinguishable from 
all other known species by the broad areolae, with free included 
veinlets, between the sinuses and the costa. In the specimen 
referred to, the subject of the accompanying drawing, these 



Fiti. 30. Campium hi pinnatifidum (Met 
ten.r.is) Copeland. comb, nov.; Seychelles 
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areola- 1 are further remarkable because of their free included 
veinlets. 'These veinlets are almost wanting in a United States 
National Herbarium specimen, No. 815186, collected by Neville, 
which has the frond longer, not quite so wide, less dissected, and 
terminating in a linear lash more than 20 centimeters long, pro¬ 
liferous at both apex and base. 

12. CAMPIUM UOIVINI (Mottenius) Copeland, comb. nov. 

Chry sodium hoivivi Mettf.nius in Kuhn, Fil. Afr. (1868) 51. 

Rhizoma?; folia chartacea, opaco-viridia, glabra; sterilium petiolus 
y" longus, livido-stramineus; lamina 10" longa, ovato-acuminata, pin- 
natisecta, apice pinnatifida, supra sub apice prolifera; segmenta 3-4-juga, 
approximata, patentia, laneeolato-oblonga, acuminata, integerrima, infima 
breviter petiolata, basi supcriorc truncata, inferiore euneata, superiore 
brevius petiolata vel basi inferiors decur rente adnata, utrinque euneata, 
suprerna in apieem basi pinnatipartitum eonfluentia, aciniis 3-jugis, sinubus 
acutis distinetis, oblongis, aeuminatis falcatis, infimis, maximis decurren- 
tibus; costulac manifestae, vix proininulae, maculae utrinque ad eostam 
irregulariter 3-5-seriatae, eostulae amplae, plerumquc appendieulatac, cet- 
erae appendieulatac vel radiatac vel in maeulas seeundarias divisae; arcus 
Plooenemiae inter laeinias coadunatas, exappendiculatas, maeularum series 
ad sinus laciniarum 2-3 irregulares appendieulatac; fertilium? (Mett. 
msc.) 

Ins. Comorac; ins. Mayotte (Boivin).—Angola (Welwitch, Iter Ango- 
lense n. 150). —Kuhn. 

Since reported from the Belgian Congo and elsewhere in 
Africa. According to Engler ,J Acrostichiun Umrentii Christ is 
identical with this. 

I have seen no specimen. \t is placed in the quoyanum group 
because a fern pinnate below and pinnatifid at the top seems to 
belong there. The group is represented positively in the Sey¬ 
chelles by Camprum bipuntalifidnm . 

33. CAM PI I’M SEMICORD ATUM (Moore: Baker) Copeland, comb. nov. Plates 23 and 24. 

Acrnst iehn m semicordatnm BAKER, Syn. Fil. (1868) -122. 

Rhizome woody, short-creeping; ,s t. of barren fr. 6-8 in. L, erect, nearly 
naked; barren fr . 8-12 in. 1., 3—1 in. br., sometimes proliferous at the apex; 
lower pinnae 2 3 in. 1., i—5 in. hr., the edge inciso-crenate throughout, the 
hast* cordate on the upper, truncate on the lower side; texture herbaceous; 
surfaces naked; reins line, the main ones distinct about halfway to the 
edge, the areolae in 3-1 rows, with free veinlets; barren pinnae (this 
surely should road fertile) distant, 1-1 l in. 1., 1 1 in. br. Poeeilopteris 
scniieonfata, Moore. Hie. 2nd Cent, t . SS. 

llab. ('oncan. Law; Noilghorrios, Mcfvor; Ceylon, Thwnites H075.— 
Baker. 


Pllanzenwelt Africas 1(5. 
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•'10. 31. Campium scviirorduhim (Moor**: 
linker) Copeland, comb. nOv. ; a, cotype ; 
b, India, Ittddomr. 


The illustration in Beddome ’* is a drawing by Baker from 
Melvor’s collection, which does not conform well to the written 
description. The margin of the sterile pinna? is depicted as 
finely and acutely serrate, more so than any specimen I ever saw 
in the genus; the venation is drawn with uniformly two rows 
of areola?, and the fertile pinna* as drawn are up to 5 millime¬ 
ters in width. There is also a detail drawing of the fructifica¬ 
tion, representing the sporangia as confined to a broad middle 
zone, with the margins sterile. Beddome had never seen such a 
fern, but suspected it of being a 
form of what he called Poeci- 
lopt eris conta m man #. 

T have from the Gray Herba¬ 
rium, but not from Kew, a 
specimen, the subject of the 
right half of the accompanying 
Plate 23, which 1 construe as a 
cotype of this species. Law’s collection being tin? first cited by 
Baker. 1 do not try to decide wether or not the other specimens 
cited by Baker are the same; but, if I ever see a fern with 
the fertile frond as it is figured in the Beddome plate referred 
to, I will consider it distinct. 

With this, I identify a fern collected by Beddome, which I con¬ 
sidered different before receiving the Law specimen. To give a 
more complete idea of the species, I will still publish the de¬ 
scription and plate prepared while 1 deemed it distinct. 

Rhachi paleis minutis atroeastaneis persistentibus sparse ves- 
tita; frondis sterilis pinnis multis, fere contiguis, late lanceolatis, 
aeutis vel acuminatis, minute ct obtuse serrulatis, basi obliquis 
aeroscopice rotundatis basiscopice eunoatis, viridibus, papyra- 
eeis, foliola torminale moderation elongata, crenato-lobata; costa 
interne prominente; venis inconspicuis; venulis reticulum areo- 
larum typice triseriatarum (vena ad venam) efficientibus sod hie 
illic infra confluentiam normalem desinentibus, liberis marginem 
versus (nee usque) currentibus brevibus, clavatis. 

India, Anamallay, altitude GOO to 1,200 m. s. m., Copt. Bed- 
dome. 

This is probably a very common Indian fern, without an early 
valid name because of long confusion and misidentification. 1 
take this to be Aerost ic/rmn con t amino nx of Beddome, at least 
in large part, and of Wallich, as represented by a specimen of 
his No. 22 sent me from Kew, but not as interpreted by Clarke. 


” Ferns of British India pi. 270. 
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I also take it to be the fern repeatedly called Acrostichum repan - 
(him, illustrated by Beddome; but it is not at all A. repandum 
Blume. Less confidently, I take it to be Polybotrya prolifera 
Bory, Heteroneuron prolifermn Fee, Acrost. pi. 55, lig. 1; but 
tin's name is preoccupied in Campiwm by P real's transfer of A. 
prolifermn Hooker, which is a synonym of C. suberenatum and 
a homonym of A. prolifermn Blume. Acrostic hum terminans 
VVallich, List No. 2168/1, is this or a very nearly related species; 
it has a very elongate apex, bearing exceedingly many little lobes 
or, in its lower part, pinna*. 

31. CAMIMUM LANC'EUM CopHnnd. s»». nov. Piute 25. 

Rhizomate repente, 1 cm crasso, paleis fuscis anguste lan- 
ceolatis 3-4 mm longis vestito; stipitibus approximate, 60-70 
cm altis, sursum rhachique trisulcatis, decidue squamulosis, 

fulvo-stramineis; frondis sterilis parte 
inferiore solummodo visa 30 cm longa; 
pinnis subopposilis, valde (5-S.5 cm) 
inter se remotis, longe (infimis 15 mm) 
pedicellatis, 25-30 cm longis, 25-30 
mm latis, basi subaequalitcr anguste 
cuneatis, apice sensim longe attenuatis 
et. ibidem dentibus appressis apiculifor- 
mibus praeditis baud proliferis, mar- 
gine alibi crenato-undulatis, laete 
viridibus, glabris, papyracois; costa utraque facie prominente; 
venis infra marginem dissipatis. areolis quae nec costam 
nee venas attingunt irregulariter 1-2-seriatis, venulis liberis 
inclusis paucis; frondo fertile 30—40 cm longa; pinnis utroque 
latere ca. 10, brevius stipitulatis, usque ad 10 cm longis, 3 mm 
Iritis, intogris, terminate conforme elongata, gemmulifera. 

Madras, Rum pa Hills, altitude 900 m. s. m.. Gamble lo921. 
Type in the Kow Herbarium. 

This seems to have been distributed as (fynniopterm subere- 
uata Hooker and Grcville, from which the slender, long-stalked, 
sharp-based sterile pinna? and very different venation mark it oil 
clearly. In much the same* respects it differs from Campium 
M micordatum, to which it seems rather closer. The old species 
to which it is really near is C. undulatum , to which, if without 
any respect for the peculiarities of fertile fronds, I might 
refer it. 



Kit;. M2. Cam pin hi lancrum 
CopHand, up. nov. ; typo. 


i4 Ferns of Southern India pi. 202. 
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.15. CAMP1UM ANGUSTIPINNUM (Hnyata) Copeland, comb. nov. 

Leptochilus angustipinnus Hayata, leones FI. Form. 5 (1915) 297, 
fig. 119. 

Leptochilus cuspidatus var. crcnatus RoSKNSTOCK, Hedw. 56 (1915) 248; 
Hayata, leones 8: 150. 

Rhizoma? Frons sterilis: Stipes 30 cm. longus medio 2i— 3 mm. latus 
basi minute densiuscule squamatus, squamis polygono-oblongis subamoe- 
lx)ideis 1 mm. longis l mm. latis, stramineus piano convexus in section© 
supra planus subtus convexus supra 4-5 sulcatus; frons ovato-triangularis 
45 cm. longa 30 cm. lata medio latissima basi minus lata vel aequilata 
vel latior apice eaudato-acuminata basi in ambitu truncata pinnata, pinnis 
linearibus infimis 1G cm. longis, pinnis mediis subaequilongis superioribus 
gradutiin brevioribus minoribus, versus apicern frondis ad pinnas laterales 
superrimas minimas 4—5 cm. longas abeuntibus; pinna terminali subito 
longior pinnas superrimas laterales in longitudinc 3 4- 
plo superanti vel interdum perfectc obsoleta et ad 
prolern reducta; pinna in dm a lincari 15—10 cm. longa 
2 cm. lata apice gradatim acuminatissima, acuminibus 
minus quam 3 mm. latis 2 cm. longis, medio deorsum 
aequilata basi late triangulari-acuta margine repan- 
dula, repandulis mediis 4 mm. latis 1£ mm. longis 
apice rotundalis plus minus ascendentibus; pagina 
membranacea vel tenuiter chartacea supra glabra sub¬ 
tus ad vel prope costas k viler ten ui torque minute 
squamata, in exsiccato viridescens, costis venis utraque 
pagine clevatis tenuissimis gracillimis, venis a costa 
angulo GO" egress is, venulis gracillimis sub luce trans- 
versa distinct© visis reticulatis, retieulis costalibus me¬ 
diis triangularibus 5 mm. longis 1A mm. latis, venis 
lateralibus mediis 5 mm. a se remotis; pinnis alternis 
mediis a se (utroque latere) 2i 3 cm. remotis, pinnis 
inferioribus breviore petiolulatis, mediis superioribus 
subsessilibus vel sessilibus, pinnis inferioribus a rha- 
chidc frondis angulo obtuso, pinnis mediis superioribus- 
que a costa angulo 45° egressis; rhachis frondis dorso 
complanata plus minus minute squamata medio 1 1 1 nun. lata supra sulcata 
ad medium suleorum tenuiter costata, costis venis venulis pinnarum utraque 
tenuiter clevatis, venulis anastomosantibus. Frons fertilis curn ea sterili 
aequilonga aequilata, pinnis angustissimis linearibus 15 cm. longis 7 mm. 
latis apice angustissimis basi triangulari-acutis subsessilibus vel breve 
petiolatis (petiolis 12 mm. longis) margin© levitor regulariler lobulatis 
vel repandulis, lobulis li mm. longis 3i nun. latis apice rotundalis; costa 
supra elevata, venis supra clevatis a costa angulo recto egressis vermi- 
forme recurvis, venulis reticulatis. Frons per totam paginam densissime 
sorifera. 

ITab. Prope Hokkokei, leg C. Owatari. Jan. 1898. . . . 

Near Leptochilus virens , but separable from it by the much longer and 
narrower pinna.—H ayata. 

238746-4 




FlG. 33. Cdmjnum. an- 
l/uttliphtnum (Hyn- 
lu) C o i» o 1 a n d, 
comb, nov., a. For- 
niOHU, f'aurie SSI; 
b, Sikkim, ,/rrdon. 
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As far as it goes, this is the most complete description ever 
given to Acrostiehum virens of Synopsis Filicum, which differs 
from the Formosa plant, if at all, only in the details of the vena¬ 
tion. Of Rosenstock’s variety, we have a cotype. It is un¬ 
related to either Campium cuspidatiim or to Leptochilus cuspi- 
dat.ius of Christensen, but fits Hayata's description in everything 
except size. The stipes are 75 centimeters long and 7 millime¬ 
ters in diameter, and the frond correspondingly large; between 
this and the figures of Hayata, lies the usual range of “Aeron- 
tichiim virens .” The accompanying figures show the venation of 
Formosan and Sikkim plants. 

Tt has been noted by both Clarke and Bcddome that the orig¬ 
inal sheet: of Acrostiehum virens Wallich is a sheet of blank 
paper. The original entry of it, Wallich List, page 29, is: 

1033 AcroHlirfnnn virens Wall. Tavoy W. G. (coetera spec. No. 13 &e.) 

On page fil of the List, as a correction, one reads: 

1033 Dele Aerost. virens quod est idem ac Taenitis v. Nothol. undulata 
(140). 

The sheet of No. 140 sent me from Kew contains, as an addi¬ 
tion, a plant of this species, collected by Griffith, which I thought 
might be the missing Acrostiehum virens , the “W. G.” of the 
original entry being the collector's initials; but Griffith's obit¬ 
uary in the Journal of Botany says he did not go to India 
until 1882. 

The Acrostiehum virens of Synopsis Filicum would have made 
an interesting herbarium by itself, and in Christensen's Index 
it gains about as much as it loses. Clearly comprehended in it, 
and so determined, is a plant collected in Sikkim by Doctor Jor¬ 
don, evidently a very large fern, of which I have only the upper 
50 centimeters of the sterile frond, with a longer, complete fer¬ 
tile frond. Assam specimens, collected by Gustav Mann, distri¬ 
buted as (iymnopteris contaminant, are identical with Jordon's. 
Except that there is much less anastomosis of the veinlets, it is 
indistinguishable from Faurie’s Formosa specimen. Having a 
single specimen of each and no opportunity to study the varia¬ 
bility, I am calling them the same. The range of Campium 
(UH/ustipinnum thus seems to be from Sikkim to Formosa. 

a*. CAMPIUM CKISPATIT M ?M (Wallich) Prenl. Plate 26. 

Campiiun cnspatulum Presl, ft pirn. Bot. (184!)) 171. 

Acrostiehum rrixpattthnn Wau.icii, List No. 21; Ct.arkf., Trans. 

Linn. Soc. Bot. 1 (1880) fiNO. 

Barren pinna.* numerous, often 20 or more, 4 by i in., slightly serrate, 
the midrib often reddish when dry, a series of costal arches without in- 
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cluck'd veins along their midribs, no free veins in any of the areola?; fertile 
pinnae 4 by k—h in.— A. virens, var., Hook. Sp. Fil. v. 261; Ilk. & Baker, 
Syn. Fil. 420. (PI. LXXXTV. fig. 2, b, d.) 

Round Bengal from Kuniaon to Bhutan and Chittagong in the lower 
hills, alt. 0—3000 feet, common. 

The only very common Bengal species of the group called A. virens 
by Mr. Baker. Very constant in character, and easily recognized by the 
absence of free veins. 

Var. contaminant*. Wall. Cat.. 22. Barren pinna? often **—1 in. broad, 
more crcnated, green or yellowish; fertile pinna* h-h in. broad. (PI. 
bXXXIV. fig. 2, a, c.) 

Grows with the preceding; a trifling variety.—C larke. 


This is indeed a very distinct species, characterized by the size, 
shape, margin, and color of the sterile pinna*, the terminal quite 
like the lateral ones, and by the venation. What Clarke meant 
to say is that there are no included free veinlets; 
the conspicuous feature is the length of the free 
veins running to the margin. The specific name 
accurately describes the overfull margin. The 
color is that of Campium sculptural aw, which 
is distinct enough in other respects. 

As to Acrostic hum contaminant Wallich : The 
Wallich specimen sent me from Kew is not at 
all this species, but is Campium semicordatum , as Beddomo con¬ 
strued it. Using this name, Clarke figured a fern with pinna? 
nearly 20 centimeters long, quite different from that to which 
Beddome applied the name. 


Fic. 34. (’awpium 
crirtpatulum Prowl; 
Kamoun, Wallich 


37. CAMPIUM SCAI.PTIjWATUM (Fee) Copeland, comb. nov. 

llctcroncuron sculpt lira (inn F£k, Acrost. (1845) 95, pi. 56. 

Froudibus sterilibus pinnatis, glabris, frondulis oblongo lanrcolatis, bro~ 
vissime petiolatis, acuminatis, margino crenato, crenis laceris, incisis, basi 
cuneatis, mesoneuro nervillisque rubris; frondula terminali longissima, 
undulata, vivipara; fertilibus pinnatis cum impari, mesoncuro ac norvillis 
prominentibus, frondulis petiolatis, linearibus, eoriaceis, supra duos mar- 
gines canaliculorum rhachium explicatis, margine undulato, crenato, crenis 
dcntatis, saepe reflexis, basi anguste cuneatis, apice longe acuminatis, 
petiolulo brevi; rhachi compresso, fasciculus duos vasorum internos inclu- 
donte, inferne subpiano, obscure canaliculate superne trisculcato; rhizomate 
crasso, irregulari, libris longissimis; sporangiis subrotundis, pedicello lato 
donatis, annulo 16 articulato, sporis irregularibus, succineis, ovoidcis 
angulatisque. 

Habitat in India occidentali, Nepaul, Sylhet (Wallich) ; Manilla (Gau- 
dichaud, Voy. de la Bonite, 1836).—V. S. in herb. Bory el Mus. Par., ex 
Gaudichaud. 

Sterile fronds 50 to 60 cm. long, on stipes of 15 cm.; their pinna* about 
10 cm. long by 3 wide; fertile fronds reaching a total height of nearly 
a meter, their longest pinna? 24 cm. long. 
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Cyrtogonium contatum? J. Smith, in Journ. Bot. Hook., IV, 1841. 

Acroalichiun costa turn, Wall., herb., no. 26.— Campium, Presl, Tentam. 
Pterid., p. 239 ?.—Fee. 

Presl $ scored Fee roundly for the interrogation points quoted 
above, stating that both he and Smith had consulted specimens 
labelled by Wallich himself. As I construe these marks, Fee 
was questioning the identity of Campium eostatum and his own 
species. What he described, and knew positively as Ileteroneu - 
ron sculptural tun, was Gaudichaud’s plant, 
from the Philippines, which must accordingly 
be regarded as the type. It is a rare fern in 
the Philippines, light green, except as it is 
tinged with red, sometimes strongly so. I have 
not seen Wallich's specimens; but if descrip¬ 
tions, and several named specimens from Kew 
enable me to judge Campium cost a turn, the 
two are thoroughly distinct. They have in 
common a tendency to redness, and perhaps 
for the sporangia to avoid the middle of the 
pinna 1 , but the venation is very distinct, and C. eostatum has 
much larger and broader pinna*. 

It is very much more nearly related to Campium angustipin- 
num, from which it is distinguished by the absence of the 
latter’s many long free veinlets running to the margin, and to 
Notholaenu andulata Wallich, as will be noted later. It is the 
only Philippine representative of the typically Indian group of 
species. Because of past confusion of species in this group, I do 
not undertake to state its distribution, if any, beyond the Philip¬ 
pines. A specimen in the Gray Herbarium, apparently from Cey¬ 
lon, is near to this but hardly identical; it is suggestive also of 
Campium semicordatum. It is probably an undescribed species. 

The venation figured is that of a specimen from Lamao, near 
Manila. Fee’s figure is quite exactly duplicated in this respect 
by Merrill 7267 , from Palawan. Christensen,following Christ, 
recognizes a var. undulatum , from Koh Chang. 

:tH. CAMPIUM UNDULATUM (Wallich: Hooker) Presl. Plate 27. 

Campium undulatum (Wallich; Hooker) Presl, Epim. Bot. (1849) 
170. 

Nothohiciia imdulnta Walltcii, Cat. No. MO, nomen. 

Jcnkinsiu uudulata IIooker, Gen. Fil. (1842) pi. 75 P>. 

Kpimcliac 170. 

" Bot. Tidsk. 32 (1916) 344. 



neat j>l u / a t u vi ( Fee) 
Copeland, comb, 
nov. ; Latnao, Co¬ 
peland t\y. 
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Sorus linearis, elongatus, continuum, nudus, prope marginem avenium 
frondis difformis.—Filix tropica, Indica. Frondes pinnatae. dissimiles, 
foliolis lanceolatis undulato-dentatis coriaceo-menibranaceis, saepe proli- 
feris, fertilibus angustioribus, pinnis lalo-marginalis. Venae pinnatae, 
subtus pruccipue prominentes, parallelae, strictae. Venulae oppo.sitae, in 
arcus biangulatos confluentes, venulis secundariis ex angulis arcum liberis 
apice clavatis, aut in sinum arcus superioris in pinnis fertilibus excurren- 
tibus (marginantibus lilx‘ris nudis) in sterilibus omnibus usque ad mar- 
ginem liberis. 

Jcvkinsia uvdulaUt. — (Tab. LX XV. B.)—IIookek. 

It will be noted that, in form, there is no specific diagnosis, 
except as the plate and the reference to it may constitute one. 
The real diagnosis of the species is 
presented in the diagnosis of the 
monotypic genus, which identifies 
the species much better than do the 
most of the specific diagnoses of 
a century ago. 

It is related to Campiurn virens, 
confusion with which extends back 
even to YVallich; see remarks under 
Ca mp him any list ip i n n inn . In spite 
of Beddomc’s statement - 7 that Cam- 
pium dettiyerum. and C\ iindulatum 
“are only abnormal forms .... and 
cannot be recorded as varieties,” it 
should be clear that the restriction 
of the sporangia to a part of the area can be a valid specific 
character of some species, and occur as a rare variant in others. 
The question is one of fact, not of theory. Judging by the Kcw 
material, my belief is that in this instance the restriction of the 
fructification is the most conspicuous characteristic of a species 
less conspicuously distinguishable in other respects. A similar 
restriction of the sporangia is common in Campiitm seal pt lira turn, 
which is very distinct; in venation and color. 

Campium undulation is known only from the region of its 
first collection, Martaban. 

The accompanying detail of venation is copied from Hooker’s 
plate. My drawing from a Kew specimen has been mislaid; 
but it is photographed with the Hooker herbarium plant, on Plate 
27, and is more than reasonably unlike Hooker’s figure. 



KlC. 30. Campium uudulutum (Wal- 
lirh: Hooker) I’real; drawing 

aftor Hook or. 


21 Ferns of British India and Ceylon 438. 
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39. CAMPIUM COSTATLTM Freak 

Cnmpinm roxtatnm (Wallich nompn nudum) PRESL, Tout. Pterid. 
(1830) 238. 

Fasciculi vasorum stipitis in C. costato octodecim, duobus primariis anti- 
cis obloiiKo-comprossis. Venae in C. costato subtus elevatao et costae- 

formes.-—PKF.Sk. 


Throughout the history of descriptive or systematic or taxo¬ 
nomic botany, a diagnosis has been whatever would suffice to 
distinguish the plant in question from any other with which it 
might be confused. This is and always has been accomplished 
in major part by the reference of the plant to its genus; and 

__ _ _ the whole demand on the specific 

diagnosis has been that it suf¬ 
fice to identify the plant within 
the genus. This was accom¬ 
plished by the two statements 
just quoted. It. is granted that 
Presl was not trying to present 
a diagnosis; but that was be¬ 
cause, in common with the most 
of his contemporaries, he consi¬ 
dered the species already pub¬ 
lished in valid form in Wallich’s 
list. We may reasonably rule 
that Wallich’s names are nomina 
nuda, but it is neither reason¬ 
able nor seemly for us to be very 
critical in passing on the suffi¬ 
ciency of anything that can pos¬ 
sibly be construed as a diagnosis. 
It is their common fate to be 
found inadequate, as more species are discovered or recognized. 



Fie. 37. Cat upturn mtifnfuvi (Wnllirh) 

I’i-prI ; a, from : h, from Chil- 

ta«on«. 


or as we make finer distinctions between what we are pleased to 
construe as species. Our own species and diagnoses fare in the 
same way ; and it is to be doubted if even such elaborate and com¬ 
prehensive disquisitions as Hieronymus published in the place of 
diagnoses will protect his species against future analysts. By 
word and by drawing, Presl distinguished C . costatum from any 
other Cnmpinm- known to him; and that was enough. 


BairiMi pinna? al>out 11, 8-14 by 2—in., caudate, stout in texture, 
drying red, costal arches none or obscure from the. presence within them 
of othei veins; secondary areolation copious, with included free veins; 
lertile pinna* C> by \ \ in.—Ilook. Sp. Fil. v. 2C>2 as to var. qc only. 
ptrriln {Urn'ss cost at a Redd. Ferns Brit. Ind. t. 113. 
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Round Bengal in the lower hills, alt. 0-3000 feet; from Nepaul to 
Chittagong, common. 

One of the best marked among the Indian Acroatichnms: its large size, 
its drying red, its want of costal arches to the midribs of the barren 
pinna 1 , easily distinguish it from all others. It has been joined with 
Mniisciiun deltigennn, Wall., and with Acrontiehum Virens, Wall., and 
the descriptions founded on material thus jumbled are not intelligible, 
but the fern itself is.- C. B. Clarke, Trans. Linn. Soc. Bot. 1 (1880) 581. 

I have quoted Clarke, as one exceptionally familiar with these 
ferns and at the same time having full herbarium and library 
facilities for their correct identification. However, on the basis 
of specimens which he too had in hand, 1 must correct his ob¬ 
servations as to the costal areola 1 ; these are present, as in all 
related species, and as shown in the accompanying drawings. 
Of these drawings, one, from an Assam specimen, shows an 
almost complete development of median areola 1 , showing a clear 
relation to the venation of Cumpium lutcroclitum; the other, 
from a Chittagong specimen, shows incomplete anastomosis 
of the veinlets which might form these areola 1 , and consequent 
abundance of free included veinlets, its venation thereby verging 
toward that of Campiiun suberenatum , and the species with 
typical goniopteroid venation. PresPs figure - s shows the vena¬ 
tion of the fertile pinna. I find the free excurrent veinlets more 
numerous than he shows them, but the difference is not such 
as to raise any question as to the identity of his fern and 
Clarke's and mine. 

This is the most distinctly coriaceous species in the genus; 
Campiiun xubsimplex may be thicker, but is more fleshy. The 
frond is opaque with ordinary light, but the venation is remark¬ 
ably clear and conspicuous when strong light is passed through 
it. The pinna? are strongly caudate, commonly with a bud 
near the base of each tail, or still lower down. The terminal 
leaflet is like the others but moderately larger, and its bud is 
more likely to become a plant. 

40. CAMPIUM DELTIOKRUM (Wallich) Copeland, comb. n»»v. 

Menisci" M, deltigcrum Wallicii, List (1828) No. 59; Hooker, Spec. 

Fil. 5 (1801) 202, sub Acr. eostato; Clarke, Trans. Linn. Soc. 

Bot. 1 (1880) 572. 

Small, sori partial generally marginal and interrupted; spots or masses 
forming transverse lines IxTween the eostules frequently having a deltoid 
form. -Hooker. 


Tentamen pi. 10, fig. 23. 
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. . . there are no intermediate forms [between this and Acr. virens ], 
and the fertile pinnae are only slightly dimorphous. Col. Bed dome’s figure 
[Ferns Brit. India pi. 114] unfortunately does not show the main veins 
beneath the fertile pinna, which are very strong and a diagnostic mark. 
Clarke. 


In size, form, and texture this has fronds and pinnae much 
like those of sterile Campinm subcrenatum; the veins and the 
veinlets are rather like those of C. costatum. Ignoring every¬ 
thing except the fructification, Beddome - u says, under his Gym- 
noptcris costata, that these “are only abnormal 
forms, such as occur more or less in nearly all 
the other species of Gi/mnopteris and cannot be 
recorded as varieties/' Leaving fructification 
out of account for the moment, this differs from 
Canipiu m cosla t u rn in having constantly smaller 
pinna* with longer stalks, much broader bases, 
acute but never caudate apices, rarely proliferous 
even when completely sterile, less even margin, 
incomparably thinner, and of clear green color. 
It is only because the fructification is so remark- 
aide that is distracts attention from all of the 
other differences, that is has been possible to con¬ 
fuse the two species. As to the fructification, 
such forms are not known in nearly all species of this genus; 
they arc known in a few, and the tendency to form them is a 
specific character of such species, just as their constant presence 
is a specific character of this one. 



Fjg. 3m. 

jriiun 


Cam- 

drlfifje- 
rum (Wtillich) 
('ojvhiml, comb, 
nov, ; Sikkim, 
Thornton a. n. 


11. CAMIMUM VIRENS Prr»l. 

Campinm virens (Wallich: Hooker and Greville) Presl, Tent. Pterid. 
(183b) 230. 

Acrostic hum virens Wallich: Hooker and Greville, leones Fil. 2 
(1831) pi. 231. 

Frondihus pinnatis (pinnulis subnovem) oblongodanceolatis acuminatis 
mombraneeeo-coriaceis glabris parallelo-venosis obscure reticulatis cartila- 
gineo-serratis basi oblique cunealis petiolatis, fertilibus lincaribus obtusis, 
stipite elongato subpaleaeeo. 

Acrostic hum virens. Wall. Cat. . . . No. 1033. 

Hab. Tovag in India Orientali (Gul. Govan, M. I).). N. Wallich, M. D. 

('(index oblique repens, crassus, dense paleaceo-squamosus, .... 

Stipes pedalis et ultra, semitercs, erectus, sparse squamosus, superne 
nudus. 

Frons late ovata, pinnata; pinnis subnovem, altcrnis, palmaribus et 
ultra, oblongo-lanceolatis, mcmbranaeeo-coriaceis, glabris, nitidis, pallide 


" Ferns of British India and Ceylon 438. 
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virentibus, costatis, pennatim nervosis cum venis anastomosantibus; vcnulis 
nonnunquam liberis clavatis; apice altcnuatis, marginibus undulatis, paulu- 
lum incrassatis, remote cartilagineo-serratis, serraturis incurvis, basi obli¬ 
que cuneatis, in petiolum brevem Hecurrentibus. Rachis glabra, nuda, 
antice sulcata. 

Fro ns fcrtili « sterili longior; pinnis brevioribus, linearibus, ad apicem 
solumniodo serratis, obtusis. 

... In Dr. Wallich’s collection is a species much more nearly allied to it 
(than A. scandens) ; this is the A. costatum. of the Catalogue, No. 2(3, but 
it is twice the size of the present species; the fronds are more coriaceous, 
the margins more thickened, not waved and crisped, and destitute, of 

serratures. The colour is also very different, being of a purple hue._ 

Hooker and Grkvillk. 

Subsequently, Hooker 30 identified this with Acrostichmn sub- 
crenatum; and Clarke 31 agreed that the two were hardly separ¬ 
able. The superficial resem¬ 
blance is indeed strong, but the 
real affinity of Campimn virens 
is to C. costatum and C. deltigc - 
rum. The Acrostichum vIrens 
of Synopsis Filicum is still dif¬ 
ferent (Campimn an (fust i pin¬ 
na m of this revision), and some 
history of Campimn virens , real 
and supposed, is given in the dis¬ 
cussion of that species. The 
Acrostichmn virens of Wallich 
will probably remain a mystery, 
but that described and figured 
by Hooker and Greville is clear beyond any question. If any 
other species is identical with it, it is Campimn deUicjermn; 
and the fertile frond is so constant on the several specimens of 
that species I have seen, that I see no reason to combine them. 
The fertile pinna? of plants reasonably referred to Acrostichmn 
virens vary from narrowly linear to nearly a centimeter in width, 
and are all uniformly fructiferous all over the back. The ster¬ 
ile pinna? are serrate toward the apex; toward the base, they 
vary from serrate to practically entire. 

As stated by Beddome, Campimn virens is unknown in south¬ 
ern India. It is found in Sikkim, Burma, and Siam (Eryl 
Smith 1112), and Pinang (Curtis (>2S ). 

10 Spec. Fil. 5: 261. 



Kin. 39. (.'iiuijtium v in'rut (Wallich: 

Hooker a ml Greville) PivhI ; a, Sikkim, 
./. />. Hooker; b, Siam, h'ryl Smith 111Z. 


“Trans. Linn. Soc. Bot. 1: 581. 
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42. CAMPIUM BRADFORD I Copeland. sp. nov. Plate 28. 

Campium C. subcrenato ailinis, pinnis paucis frondis sterilis 
oblongis basi rotundatis marline minute serrulatis, foliola api- 
ealc baud flagelliforme distincta, alitor speciei designatae similis. 

Ceylon, llradjonl. Type in the herbarium 
of the University of California, No. 267415. 

In venation, this differs from C. subcrenatum 
only in that, correlated with the rather more 
ample lamina, the lowest two veinlets are more 
likely to produce two excurrent veinlets, and 
these to unit and inclose an areola, but there 
may be only one excurrent veinlet in C. brad - 
fortU or the two may run free; and in C, sub- 
crenatum , less commonly, there may be two, 
and they may unite; or, rarely, there may be 
even three such veinlets; or, in both species, there may be two 
excurrent veinlets (“of the second order”) from more than one 
pair of anastomosing veinlets. 

43. CAMPIUM MOI.LK Coprland. sp. nov. Platr 2!). 

Rhizomate valido basibusque stipitum paleis fuscis lanceolatis 
parvis vestitis; stipite frondis fertilis HO cm alto, gracile sur- 
sum glabro, superne trisulcato; pin¬ 
nis frondis sterilis utroque latere ca. 

1, oblongo-lanceolatis, ca. 16 cm 
longis, 5 cm latis, acutis, basibus late 
rotundatis, integris, glabris, opacis, 
brunneis (in herbario), crassis, mol- 
libus, stipitulis brevibus validis; ven- 
is primariis utroque facie inconspi- 
cuis, venulis more Goniopteridis areo¬ 
la nun seriem unam inter venas confi- 
cientibus cum liberis inclusis solitariis 
longis; foliola terminale paullo ma¬ 
jors, crenato-undulata, nec attenuata 
nee prolifera; fronde fertile ca. 30 
cm longa, 10 cm lata, pinnis utroque 
latere ca. 6, lanceolatis, 6-7 cm longis, 

15 mm latis, acutis, basi truncato- 
cuneatis, dense fructiferis, areolas inter costam et margincm 5-7. 

Ceylon, Gardiner, Type in the Kew Herbarium. 

This is the fern referred to by Hooker under Aerostichum 
nrcnx as “probably a distinct species.” It differs from both 
Campium costa turn and C. subcrenatum in texture, color, in- 
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Fks. 41. ('iim)n'um mnlle Copeland, 
sp. nov. ; lypf. 
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conspicuous veins, acute but not at all caudate pinna*, and absence 
of proliferation, and from the common forms of both, in the 
broad fertile pinna*. The number. Id Id, cited by Hooker refers 
to “Ceylon Plants;” - 5 but this is not at all the same as some 
of the material distributed under that number. 

44. CAMP1UM SIJBCRENATUM Preal. 

Campium snbcrenatnm (Hooker and Greville) Pkesl, Tent. Pterid. 

(183(5) 239. 

Acroalichmn Hubcrcnatum Hooker, Hooker and Greville, leones Fil. 

(1828) pi. 110. 

Frondibus pinnatis, pinnis brevi-petiolatis subcrenatis lanceolatis acumi- 
natis, sterilibus (septenis) basi cuneato-attenuaUs, fertilibus (novcnis) 
multo ininoribus, basi, inferioribusque apiee, obtusiusculis, rachi subalata. 

Ilab. K. Zeylona, ubi in rupibus, prope Suffragan, provenit, eommuni- 
cavit D. Emerson, M. I). —Hooker. 

This was reduced to Acrosiichum virens by its own author, ’ 
and Clarke agreed that the two are hardly separable, even as 
varieties. To this, Beddome made vigorous objection, charg¬ 
ing Clarke with “not knowing 
suberenata;” but the objection 
loses its force with Beddome’s 
avowal that he did not himself 
know A. r irons. Synonyms are 
Poecitopteris tormina ns Bed- 
dome and Acrosticknm prolife- 
rum Hooker, non Blume, but not 
A. conla mi nans VVallich, nor A. 
terminans Wallich, nor A. cris- 
patulum Wallich. As to the 
proper specific name, the older 
authors would have been prac¬ 
tically unanimous in sacrificing 
suberenatum for cirens; but present usage is equally uniform, 
in treating Wallich’s names as nomina nuda until somebody 
happened to publish a description or diagnosis with them. 

As Beddome has been the more modern protagonist of Gym- 
no pter is suberenata , I quote his description, 57 as follows: 

Rhizome thick, fronds glabrous pinnate, 1—4 feet, of which the stipe 
is sometimes nearly half; stipes and rachis furnished with a few scales; 

' See Thwaites, Knum. PI. Zeyl. 380. 

14 Sp. Fil. 5: 2(51. 

“Trans. Linn. Soe. Hot. 1: 581. 

a,: Ferns of British India and Ceylon 439. 

J7 Op. cit. 137. 



KliL 12. Cat iijnum 
and Greville) 
cult.; 

61 . 
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sterile fronds, pinnae 4-12' alternate or subopposite petiolate, broad lan¬ 
ceolate, sinuate or waved, with a longish serrated acumination, terminal 
pinna* much the longest (sometimes 2 feet long), proliferous at the apex; 
primary veins close, costate and conspicuous nearly to the margin, veinlets 
anastomosing pretty regularly at right angles, from which proceed one 
or two generally free veinlets with clavate apices; fertile fronds conform 
to sterile, but much contracted.— Beddome. 

As to the last point, it is to be observed that the fertile fronds 
of the original Acrostichmn smbcrenatnm were not exceedingly 
contracted; I have here but one specimen, collected in Cochin 
by Lawson, with fronds as broad as the figure. Also, the ori¬ 
ginal figure does not show an elongate apical leaflet; in most 
specimens this is as developed as in Campium heteroclitum . It 
is noted with misgivings that the venation of the fertile frond 
conforms with Presl’s figure of Campium coxtatum , very per¬ 
fectly. The range of venation of the sterile frond is shown in 
the accompanying drawings. 

The sure geographical range is peninsular and northern India. 

45. CAMPIUM FfiEIANUM Copriaml, m*m. nov. 

Heteroneuron prcslianmn Fee, Acrost. (1845) 02, pi. 39, f. 1, as to 
the description and figure*. 

Frondibus pinnatis, glabris, frondulis remotis, suboppositis, breve petio- 
latis, rhachi in parte* frondulifera alato; sterilibus acutis, utrinque at- 
tenuatis, rare obtusis, subtus punctis atomariis, numerosis conspersis, 
frondulis superioribus saepe trilobati, infimis aliquando bilobis, lobo su- 
periori brevi obtusissimo; fertilibus longious petiolatis, frondulis omnibus 
obtusissimis, basi acutis, terminali longiori; rhizo 
mate crasso, re pen to, squamis angustis, attenua¬ 
tes lanceolat.is; sporangiis amplis, ellipticis, an- 
nulo 18 articulato, sporis episporio membraniceo. 

Aeristichum punctulatum Presl, Rel. Ilaenk., 
p. If', nee Swartzii nee Willd. 

Habitat in Philippinis, Sorsogon (Presl), in 
Asia (Hiigel). V. S. 

Dimensions: Frondes steriles, 24 30 centim.; le petiole est egal en 
longueur a la l;irn(*; largeur, 20-22 millim.—Frondes fertiles, 20-25 cen- 
tim. de largeur; le petiole est a la lame : : 1: 2; largeur, 7-8 millim. 

Cette plante est fort distinct do toutes ses congeneres. La nervation 
presente unc maille a sommot anguleux, surmonte d’une droite; elle est 
forniee par la rencontre de deux nervilles latcrales. La nervation est done 
connivente; elle devrait faire entrer cette plante dans le genre soromanes, 
si tout les autres caracteres ne tendaient a en faire un f/ymnoptcriit. M. 
Presl, on ecrivant frondibus omnibus frnctificautibuH , donne la preuve 
qu’il ifa connu que la fronde fertile de eette plante,—F6 e. 

This is a rare fern of southern India. 



1 W. C<nnpiuin frt'iti HU in 
Col’rlziml, Morn. nov. ; (’on- 
run, l.mr «. v. 
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SPECIES DUBIAE ORIENTALES 

Pobc-ilopteris stenophylla Kurz MS.; Teij.smann and Binncndyk in 
Nat. Tijdsehr. Nederl. Ind. 27 (1804) 15. 

P. frondibus pinnatis, pinnis stcrilibus membranaceis, altornis, sub- 
oppositisvo, broviter petiolatis, linearibus, acuminatis, subintegris v. sae- 
piua obsolete crcnatis, parallelo-venosis, rcticulatis, glabris, subtus in costis 
stipiteque sparse paleatis; fertilibus angustioribus, crenatis, marline re- 
volutis v. rarius pfanis. 

Hab. in montibus prov. Bogor. 3-4000 p. s. m. o. q. in monte Salak. 

Caudex repens, ramosus, viridis, brunneseeiite-paleaeeus, radieosus. 
Frons sterilis, impari-pinnata, stipes 1-4 ped. longus, obsolete tetrugonus, 
viridis, supra canaliculatus, sparse (in juvenalibus dense-) sccedente- 
paleaceus; pinnae alternae v. rarius suboppositae, linoarcs v. lineari- 
lanceolatae, acuminatae, 4-5 poll, longue, 5-8 lin. latae, obsolete crenatao 
v. subintegrae, supra glabrae, obscure virides, nitentes, subtus in costis 
paleis brunnescentibus sparsis adspersae; frondis fertilis pinnae lim*ares 
v. lineari-lanceolatae, acuminatae, basi in stipitem attenuatae v. oblongo- 
lanceolatae, obtusae, margine erenato v. subintegro revolutae v. rarius 
planae, membranaccac, laete virides. Sori creberrimi, nigri, paginam infe- 
riorem dense obtengentes.— Teijsmann and Binnendyk. 

This seems to have been ignored by the Buitenzorg botanists, 
who should be able to identify the plant. As good a guess as I 
can make is that it is a nonradicant Campinni heteroclitum. 

Ciirysodium SAOENIOIDES Kuhn, Linniea 36 (1869) 63. 

Rhizoma deest; folia niembranacea, opaco-viridia, infra in costis et 
rhachi paleis minutis squamulosa; sterilium lamina 1' longa, ovata, pin- 
natisecta, apice pinnatifida; segmenta 7 juga, subsessilia, 7" longa, IV' 
lata, elongata, subpinnatilida, apice sinuata; nervi manifesti, prirni in 
latere interno, reliqui catadromi, maculae Sageniao ad sinus loborum 4-5- 
soriatae, secus eostulam 1 seriatae; fertilium lamina 1' longa, segmenta 
distanlia, petiolulata, ad 2V' longa, 4' " lata, c basi latiore elongata, 
sinuato-pinnatifida, apice integerrima, sorifera. 

(Acrosticltum repandnm Ilook. Spec, lib v. p. 260 quoad plant, a Milne 
ex ins. Anoitens. reporlat. t.. fragm. aut.) 

Aneitium, in silvis montanis (Herns n. 107. Feb. 1860. Milne.). —Kuhn. 

Much of this description would apply to the fern which I 
name Campium xamoensc; but it is hardly conceivable that a 
botanist as attentive to venation as Kuhn would impute the 
areola* of Sap emu to that species, or any near relative of it. 
See remarks under Campium paliustrc. 

Key to the African aperies of Campium. 

1. Frond simple (or with few pinna? below a large simple main portion). 

2. Rase hastate or decurront. 
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3 . Free included veinlets wanting. 

4 . Sterile lamina lanceolate, 3 cm wide. 54. C. ra wsoni. 

4 . Lamina broader and larger . 53. C. fluviatilr. 


:>. Free included veinlets present. 55. C. yabnoneme. 

2. Hast* cordate ... (56). .4. phatierodictyum. 

1. Pinnate, apex a leaflet like lateral ones. 

2. Pinna* linear ..48. C. salicinum. 

2. Pinna? broad. . 51. C. pcmmiferum. 

1. Pinnate, apex of 2 to 4 fused pinnae like others. 

2. Pinna* broadly lanceolate or broader. 

3. Gemmiferous near base of terminal leaflet. 51. C. 

3. Not gemmiferous in upper portion . 52. C. anriculatnm. 

2. Pinna* linear or linear-lanceolate. 

3. Pinnae entire.. 50. C. heudelotii. 

3. Pinna? toothed. 40. C. anguntifolmm. 

1. Pinnate, apex of many reduced pinnae, or long-attenuate. 

2. Sporangia congested on veinlets... 46. C. ucroxt ichoides. 

2. Sporangia covering nether surface. 

3. Lower pinna? deeply cut _ _ 31. ('. bi pinna ti fid urn. 


3. Lower pinna? entire or nearly so. 

1. Free pinna* less than five _ 32. C. boivini. 

4. Free pinnae more numerous 47. (\ humblotii. 


46. CAMPIL'M ACROSTICHOIDES (AfzcliuH) Copeland, comb. nov. Plate 30. 

Hcmionitis ucroHtichoidvK Afzelius apud Swartz in Schrad. Journ. 

(1801) 17. 

Frondihus pinnatis distinct is, pinnis lato-lanceolatis, undulato-crenatis 
apice attenuates; soris conlluentihus. Afzelius. 

Sierra Leone Afriees.—Quoted from Swartz, Syn. Fil. 21. 

According to Carruthors,"* who named this plant Anrosti- 
chum (tfzdii, it is the African fern called Acrodichum virevs 
in Species Filicum, and I have from the Cray Herbarium a 
Sierra Leone plant, Scott Elliot 404#. so determined at Kew. 

It is a tall fern, the sterile lamina nearly 
GO centimeters long, with many lateral 
pinna? and a lobed, lashlike, terminal leaf¬ 
let. It shares to some extent the charac-. 
ters of the groups of Cmnpinm heterocli- 
lum and C. quo nan am, more nearly related 
to the former. In venation, it is striking¬ 
ly like C. suhcordatum. The sporangia 
are congested on the veinlets whence its 
original reference to Hemionitis. From 
the presence of five sheets from Liberia in the United States 
National Herbarium this seems to be a common species there. 



l-'li'.. •11. <'nn>)>hnn (iiitinh- 

chouliH (Afztlius) Cope- 
luml, -comb. nov. 


Cat. Wclwitch Plants 2: 277. 
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47. C AMPIUM HUMBI.OTII (Baker) Copeland, comb. nov. 

Acrostichum humbloiii Baker, Journ. Bot. 22 (1884) 144. 

Rootstock and fertile frond not soon. Sterile lamina oblong-deltoid, 
simply pinnate, 15-18 in. long, 8-9 in. broad, prolonged into a flagelliform 
rooting tip, moderately firm in texture, green and naked on both surfaces, 
the rachis also quite naked. Pinna* G 8-jugatc, entire, lanceolate, acumi¬ 
nate, 1-1 h in. broad, the upper adnato and decurrent at the base, the lower 
free but sessile; several lower pairs suboqual. Allied to A. punrtitlafam 
and Hlumeannm. Baker. 

Northeastern Madagascar, Ilnmblot 300. From the same 
region, I have had from Kew a specimen collected by J. B. Last, 
in 1900. The sterile pinna? are only about live on a side, up to 
1G centimeters long, and only 2 centimeters 
broad, narrowed to both ends, and with the 
caudate tip denticulate. The more nume¬ 
rous, remote lateral pinnae of the fertile 
frond are 1 to 5 centimeters long, about G 
millimeters broad, mostly stipitulate, and 
obtuse, the terminal one considerably longer. 

It is not: very closely allied to Cam pin in 
auric id at wm ( p-u-nct. (datum of Baker) nor at 
all to his Acrostichum bltnneatmm, which is 
a Lama gramma. Like Cam pi am acrost/i- 
choida s\ it: has at least a common parentage with Camphim 
heieroeUtnm . The veins are reddish by transmitted light. 

48. CAMPIUM SAUC1NUM (Hooker) Copeland, comb. nov. 

Acrontich am * alien turn Hooker, Spec. Fil. 5 (18(54) 2G5. 

Caudcx creeping, stipites 1 inches to a span long stramineous (as arc 
the rachis and costae), fronds firm-membranaceous dark-green 3 4 inches 
to a foot long ovateoblong pinnated to the very apex, pinnae of the sterile 
frond 2 2 10, 1'• 1 inches long rarely exceeding h 
an inch broad lanceolate sometimes long and finely 
acuminate or obtuse entire or subserrate cuneato- 
nllonuate long-petiolate, eostules obscure with few 
transverse connecting arched veins, these form about 
two series of large areoles next the costa irregularly 
anastomosing towards the margin, free included 
veins rare; fertile fronds rather smaller more ob¬ 
tuse and in one instance rather coarsely serrated. 
Hab. Niger Expod., Sierra l.eone, Barter. Fer¬ 
nando Po, G. a. 1229. 

This very distinct pinnated species has the appearance of having grown 
in wet places. A sterile frond with alternate, long, narrow-lanceolate, 
long-petiolate pinnae, with their pale-coloured costae, has very much the ap¬ 
pearance of Salix umyydalitta or some allied species of Osier. Quite diffe¬ 
rent from A. H cud clot ii, besides other characters, in the entirely pinnated 
frond, the terminal pinna long-petioled.— Hooker. 


.1 ): 
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Fit!. 45 . Cmnpium hum- 
hlotii (Baker) Coin- 
land; Bt> Kitus Moun- 
luiriH, nort.hf»fiKlern Ma- 
dav.fiM*ar, J. f<. hunt, 
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As a mere name, Bonaparte has listed from the Belgian Congo 
a variety latipinna . A sterile cotype in the Gray Herbarium 
has all pinnae acuminate, a few of the broadest ones with 
obliquely crenate margin, and a small bud well below the apex 
of (he terminal leaflet. 

Where originally published, the description of this species fol¬ 
lows that of Acrostichum preslianvm (Campium fceiamim of 
this presentation) ; each of these is more nearly related to the 
other than to any other known species. 


' v 


49. CAMBIUM ANOtrSTIFOLIUM Copeland, sp. nov. Plato 31. 

Campium C. heudelotii atlinis: rhizomate 5 mm crasso, late re- 
pente. paleis atrocastancis lineari-lanceolatis 4 mm longis per- 
sistentibus obtecto; stipitibus remotis, ca. 25 cm longis, fuscis, 
sursum rhachibusque paleis persparsis praeditis; fronde sterile 
30 cm longa, ovata, pinnata; pinnis utroque latere ca. 10, infimis 
stipitulatis basi subsymmetrice cuneatis, 
superioribus adnatis, supremis paucis pa- 
ullo reductis coalescentibus, plerisque ca. 
12 cm longis, 1 cm latis, acuminatis, re¬ 
mote et obtuse serratis, herbaceis, opacis, 
glabris, costa tenue inter venas primarias 
venulam emittente, venis obliquis, infra 
marginem dissipatis; areolis primariis 
paucis, cum venulis inclusis tenuissimis aut liberis et saepe ra- 
mosis aut itcrurn anastomosantibus; fronde fertile eonformo 
paullo minore, pinnis 5-7 cm longis, 6 mm latis, obtusis. 

Cameroons, Buar, altitude 1,000 m. s. m., on stones in a brook, 
Milhraed Type in the Kew Herbarium. Also Sanaga, 

Zenker U f 67, in the herbarium of the Missouri Botanical Gar¬ 
den, No. 122176. 

This differs from Caw plum heudelotii in having narrower and 
serrate sterile pinna' and obtuse fertile pinna*, and apparently 
in the details of the venation. The apex of the frond is like 
that of Campium heudelotii and unlike that of C. salieiuurn. 


/ jfr/ r/, y.y 


Km. 47. Campium u njjunt i• 
folium Copeland, up. nov. ; 

type. 


r.O. CAMBIUM HKIJDKLOTII (Bury) Copeland, comb. nov. 

(ii/mnoptcris heudelotii Bory in Fee*, Acrosl. (1815) 84, pi. 45. 

Frondibus pinnatis, glabris, frondulis sterilium lanceolato-linearibus, 
acuminatis, sessilibus, margine repandis, basi exteriore dccurrcntibus, 
ultimis irregularitcr connatis pinnatifidisque, petiolis et rhachi canilicu- 
lato-striatis, nervillis sccundariis et tertiariis rubro-translucentibus, ultimis 
opacis; fertilibus linearibus, alternis, sessilibus, ultimis pinnatifidia; 
sporangiis fuscis, magnis, annulo leviter crenato, 13 articulato, sporis 
ovoideis, cpisporio caduco,—Planta sicca virescens. 
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Habitat in aquis vivis Foula Dhiallon in Senegambia (Heudelot).—V. S. 
in herb. Bory. 

Dimensions: Frondes steriles, longueur, 30 centim.; les plus grandes 
frondules, 20 25 centim.; largeur des lames, 22-25 millim.; des entre- 
noeuds, mesures vers les premieres paires de frondules, .3 centim. —Frondes 
fertiles longueur, 3 4 centim.; les plus longues frondules, 15 centim.; 
largeur, 1 centim.; distance entre les premieres frondules au second entre- 
noeud, 5 centim.— Fee. 

Probably common in the Congo region; Bonaparte :,M cites nine 
collections. 

The coadunate apex is formed as in Campium auricvbatum, 
by the fusion of the bases of a very few pinna? which are di¬ 
rected almost upward, indicating no affinity to the group of 
Campium quoyanum. The venation is figured by Fee as similar 
to that shown herewith for Campium angustifolium, but ap¬ 
parently with less extreme development of free included vein- 
lets, especially along the costa. 

SI. CAMPIUM GEMMIFERUM (Hieronyinu») Copeland, comb. nor. 

fptochilux gemmifer Hieronymus, Engler’s Bot. Jahrb. 46 (1911) 
345. 

L. ex aflinitate L. (luriculati (Lam.) C. Chr. 

Rhizoma repens, usque ad ft mm crassum, juventute dense paleaceum; 
palois nigro-fusceseentibus, e basi cordata (auriculis introrsum arcuatis 
imbricatis) deltoidcu-ovatis, acutissimis, margine parce ciliatis (ciliis arti- 
culatis saepe apice cellula incrassata glandulosa terminatis vix ultra £ 
mm longis), basi cellulis parenehymaticis parte superiore brevitcr prosen- 
chymaticis parietes interims nigro-fuscescentes c. usque ad 0.015 mm cras- 
sos et externos tenues hyalinos vel lutescenti-pellucidos gcrentibus nume- 
rosis formatis; palcis maximis c. 3', mm longis, 1 mm supra basin latis. 
Folia sterilia c. 3-5 (ex schedula -7i) dm longa, Ion go petiolata; petiolis 
supra trisulcatis, infra teretibus, olivaeeo- vel grisco-fusceseentibus medio 
c. usque ad li| mm crassis, basi crassioribus usque ad 3 mm crassis, prae- 
sertim parte inferiore sparse peleaceis (paleis iis rhizomatum similibus, 
minoribus) ; laminis pinnatis, infra pinnam imparem terminalem ple- 
rumque gemmiferis; pinnis glabris, membranaceis; lateralibus utroque 
latere ft-10 subsessilibus vel (inferioribus) breviter petiolulatis (petiolulis 
vix ultra 3 mm longis), e basi superiore rotundato-euneata et inferiore cu- 
neata sive exeiso-cuneata oblongis, acutis vel acurninatis, margine subintegris 
vel undulato-crenatis vel undulato-lobulatis, plcruinque alternis raro (inferio¬ 
ribus) suboppositis; intervallis in laminis maximis usque ad 2£ cm longis; 
costis utrinque prominentibus teretibus glabris; nervia lateralibus primariis 
angulo antico c. CO" a costa arcuatim ascendentibus marginem non attin- 
gentibus, nervis secundariis vel venis reticulatim anastomosantibus, inter 
nervos laterales primarios areolarum series 3-4 formantibus, utrinque 
parum prominulis; pinnis maxirnis foliorum sterilium maximorum c. 13 
cm longis, 2i cm latis. 


238746-r, 


Notes Pterid. 14 (1923) 218, 250. 
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Folia fertilia longitudinc* folia sterilia aequantia, interdum paulo longius 
pctiolata, pinnis lateralibus pro conditions minoribus utrinquc 5-7 cum im- 
pari terminal i, obtusiuseulis vcl acutiusculis. Sporangia superficiem in- 
feriorcm ubique obtegentia, c. 0.22 longa, 0.2 mm lata, stipitata (stipitc c. 
0.4 mm longo). Sporac bilaterales, ubique cristis reticulatim conjunctis 
c. 0.01 mm altis lutescenti-pcdlucidis ornatae, fuscescentea, c. 0.5 mm cristis 
inclusis longac, 0.1 mm latac. 

Angola: im Gcbict von Golungo Alto (Welwitsch n. 157b mit dcm Manus- 
criptnamen Acrostic-hum (Chrysobotrya) anyolense Welw.).— HIERONYMUS. 

There follow citations of specimens showing the species to be 
common in German East Africa. Also, description of a var. 
latipinnata , with larger pinnae, farther apart, with broader base, 
cited from the Congo and Kamerun. 4 " This variety is Leptochi- 
lus ocrostichoide var. cun eat a R. Bonaparte, Notes Pterid. 15 


(1924) 19. 

The species and variety are described as distinguished from 
Cam pin m auriculatum by the usually more numerous, stalked 

pinna?, the terminal leaflet not 
/Vj,- 1 (./.' usually fused with the next below, 

\'' r -'>-)*- and with a bud at or above the 
/ r ../ r / / \ / base of the terminal leaflet. 

/ ^ J / The specimen from which 1 have 

[/ - L .< r {/ drawn the venation was probably 

■—collected along the Niger, by Bar¬ 
rie;. 4H. Campium gemmifervm ter (the doubt is dUC to tllC mOUHt- 

(Hipponym»») Copeland, comb. - « . ,, . . 

nov. ; Ni^r. /. Hart, ,. in £ ot tWO Collections OU OllO 

sheet), and conforms with the de¬ 
scription in all observable characters, including all mentioned as 
distinctive. There is hardly another instance in the genus of 
two species so alike in venation as this and Campium auriculatum. 


Fits. 4 H. ('ampnun gem m iferu m 
(HioronyrnuM) Copeland, comb, 
nov. ; Nitjcr, /. Hai ti r. 


52. CAMPIUM AIT RICH I. ATOM d.nmnrck) Copeland, comb. nov. 

Arrostirhum auriculatum Lamarck, Enryd. 1 (17H3) 36. 

Acrostichnm punctatum Lin. f. Suppl. 44-1 

Cette pi ante a ses fouillos ailoes, composues do foliolos laneeoloes, tres- 
entieres, aetorne, glabres & ponctuees en-dessus. Los foliolos inforiourcs 
sont, auriculees, & les superioures sont. confluentes. P’ailleurs, solon M. 
Lin no, cette planto ressornble boaucoup a colie qui precede: on la trouve 
dans Hie do Bourbon. -Lamarck. 

Aerostichum frondo pinnata: foliolis alternis lanct?olat,is integerrimis: 
infimis auriculatis, supremis decurrentibus, supra punctatis glabris. 

Habitat in Isle de Bourbon. Sonne rat per Thourn. — LiNN/EUS f. 


A fertile frond of the variety, in the herbarium of the Missouri Bota¬ 
nical Garden, Zenker 1,120 , from Kamerun, has nine or ten pinna? on each 
side, mostly about (5 centimeters long by 15 to 20 millimeters wide, the 
whole frond 45 centimeters long. 
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Apparently common throughout equatorial Africa, and quite 
constant in the peculiar form of the frond. The scaly rhizome 
is creeping, with the fronds rather remote. The upmost two 
pinna', otherwise like the others 
and but little smaller, are fused 
at the base; those below them 
are adnate at least on the lower 
side; and the basal pair, com¬ 
monly the only stipitulatc ones, 
bear each a prong on the lower 
side, as is common in Tcctaria. 

Because of this and some minor 
resemblances to Pleocnemia, I 
was for some time indisposed to transfer the bulk of the African 
species to Campium, suspecting a phylogenetic line related and 
parallel to Hemigramma; but the study of C. acrostichoides , 
especially, has convinced me that while, like the Indian species, 
they constitute a group coherent within itself, they belong col¬ 
lectively in the same genus as C. heteroeUtum. A Uganda plant 
doubtfully referred here, Drummer 4011, has very large crenate- 
sinuate pinna'. 

The specific segregation of Campium gemmiferum makes nec¬ 
essary a rechecking of all old specimens, before their respective 
ranges can be known. Bonaparte 11 cites eighteen collections 
of C. aurieulatum and six of C. gem miferum, 

53. CAMPIUM FLUVIATIf.E (Hooker) Copeland, comb. nov. Plato 32. 

Ac routichain ft avia tile IIookkr, Spec. Fil. 5 (18(>4) 271. 

Caudex long creeping branched, stipites stout a foot or more long, 2 
feet of the sterile frond; sterile fronds li 2 feet long firm-membranaceous 
simple broad-lanceolate and entire, or larger and hastato-trilobatc, with 
lateral segments 0-7 inches long 2‘ inches broad ovato-ohlong acuminate 
horizontal, middle lobe lb inches long 1 inches wide broad-lanceolate or 
larger still and pinnatifid with about 5-9 large segments, inferior lateral 
ones and the terminal one as in the second form just described, costae 
rather stout, eostules indistinct, veins everywhere distinct regularly anas¬ 
tomosing into rather large uniform hexagonal areoles rather smaller to¬ 
wards the margin quite destitute of any free included vcinlets; fertile 
fronds similar to the sterile ones hastate or pinnatifid but much smaller. 

Ilab. Fernando Po, on the hanks of a river, Gustav AIann t a, 442,-Niger 
Expedition, Barter. West tropical Africa, Curror . . . . Hooker. 

The Fernando Po specimen in the Gray Herbarium, presum¬ 
ably a cotype, has short, merely acute barbs at the base of a 
large simple frond, the main part of which is acuminate. The 



Fir.. 49. Camj'iMw aaricnlatinn 
marck) Copeland, comb, nov.: Mauritius. 


41 Notes Pterid. 14 (1923) 254. 
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frond has the deep green color common in species growing in 
very wet places. The young part of the rhizome is densely 
covered with long, linear, dark fuscous palea?, which are also 
sparsely present on young stipes. 



Fl'.. fiO. Catnjnutn JluiriatUe (Hook«*r) C/opeland, comb. nov. ; cotype with short-hastate 

frond, Fernando l*o. 

Such a fern might have been evolved directly from the Den - 
clroylossa section; but I think it much more probable that this 
species is derived, by consolidation of the frond, from pinnate 
ancestors. A step toward it, in venation as well as in fusion, 
is represented by Campium auriculatum. Specimens from S. 
Thome, Quinta a 5S, United States National Herbarium, No. 
51084, are a juvenile form of this or a distinct species. The 
lanceolate, caudate fronds are at most 15 centimeters long, and 
the stipes are very slender. 

54. CAMPIUM KAWSONI (Baker) Copeland, comb. nov. 

Acmstichuw rawsovi Baker, Ann. Bot. 5 (1891) 49f>. 

Rootstock erect; basal paleae small, dense, linear, dark brown, crisped. 
Stipe of sterile frond 8-7 in. long, fragile, naked, pale brown. Sterile 
frond simple, lanceolate, membranous, glabrous, (1 8 in. long, 1 1 \ in. 
broad, rounded to a euneate base. Areolae copious, without free included 
veinlets. Stipe of fertile frond A ft. long; blade linear, 8 7 in. long, i-i 
in. broad, with enrolled edges. Grand River, Mauritius, Sir Rrncson Rate- 
son, gathered in 1853. Habit of A. lanceolatum; seining different. — 
Baker. 
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5ft. CAMPIUM (iAROONENSK (Hooker) Copeland, comb. nov. 

Acrostwhnm f/aboonense Hooker, Spot:. Kil. 5 (18(54) 270. 

Caudex creeping sparingly paleaceous with dirty-brown small subulate 
scales, stipites numerous approximate 6-7 inches long sparingly paleaceous 
at the base, of the fertile fronds twice or thrice as long*, fronds simple; 
sterile ones firm-membranaceous 12 14 inches long 3 -3» inches broad ovato- 
lanceolate acuminate and proliferous at the apex moderately attenuated 
at the base entire or sinuate at the margin dark blackish-green, costa 
prominent beneath, venation very distinct, eostules horizontal wide apart 
connected by many transverse curved veins forming a series of long nar¬ 
row costal areoles free from veins or slightly veiideted, the rest forming 
several wide arched areoles filled with a network of irregular areoles 
with or without an included veinlet, veining near the margin free; fertile 
frond 4-6 inches long 1-1 i inch wide lanceolate subentire or sinuato pin- 
natifid. 

Ilab. Gaboon River, west tropical Africa, lat. 1 " N., (iustnr Matm.- 
Hookkk. 


Since reported from various places in west tropical Africa, 
but apparently not very common. It looks like a large relative 
of Campium decurrens , with less 
abundant free included veinlets. 

Broad fronds have six or more 
major areola? between costa and 
margin instead of the three or 
four shown by the accompanying 
drawing. 

The specimen in the herba¬ 
rium of the Missouri Botanical 
Garden, No. 122190, Zenker 
3806 from Kamerun, has one im¬ 
perfectly fertile frond, on which the sporangia are borne first on 
the minor veinlets, and spread to the “parenchyma” only near 
the margin. The angle at which the main veins leave the costa 
may be 90 , or may be more acute than as drawn. Kamerun 
specimens in the United States National Herbarium, Zenker 
3806 , have sterile fronds up to 45 centimeters and the fertile 
30 centimeters long. 



Fits. 


Campium <jaboonense (Hooker) 


Copeland, comb, nov. ; Zenker 3800. 


56. ACROSTICHUM PHANERODICTYUM Baker. 

I have been unable to secure a diagnosis of this species or to 
learn more than that it has long, simple, cordate sterile fronds. 
It was described from St. Thomas Island, which lies off the 
west coast of Africa. 
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In the same group of species, Englcr, 4 - mentions a Gymnop- 
teris preusii Hieronymus, which is reduced by Christensen to 
his Leptochilua rivularix; it seems to be a nomen nudum. 

Lf'ptochiluH diversifoliux and L. grossedentatus, named and 
imperfectly described in French by Bonaparte,“ are likewise not 
validated. The former seems to be a small form or relative of 
Campium rivulare , and the latter is multipinnate. The same 
author n lists Leptoehilm currori, concerning which I know no¬ 
thing—unless it be that there is a species of Loncliitis having that 
name. Finally, the Index Filieum cites Acrostichum labrmca 
Christ, Ann. Mus. Congo 5 I (1003) 10, but I cannot find it 
there. 

(•enus 11 EM IE RAM M A Christ 

The genus Hemi gramma was established by Christ, 45 for the 
single species that he called H. zollingeri , for the best reason 
that can motivate the establishment of a new genus for a species 
long known; namely, the recognition of a source in phylogeny 
manifestly different from that of the genus from which the 
species is removed. Christ recognized this species as distinc¬ 
tively tectarid. As 1 showed soon afterward, ,r * this origin is 
unusually clear, quite as clear as that of Campium linnaeannrn , 
shown in the preceding pages. Hemiyramma is, then: 

A genus of tectarid ferns, as shown by the short, stout, erect 
or ascending, scaly rhizome, scaly stipe, deltoid form of all except 
simple fronds, and sagenioid venation, distinguished from Tec¬ 
ta ria by the marked dimorphism and the spread of the naked 
sori, whether only all along the veins, as in HemUnriti, s\ or 
eventually over the entire nether surface. 

A few years after the genus was established, I described a 
second, apparently well-distinguished, larger species, from Papua. 
A third, from Mindoro, was resently found for the second time, 
nearly a century after its discovery; and in looking up the va¬ 
rious ferns that are listed as species of Le.ptochilu.s, 1 find still 
others which quite certainly belong here, in every case, this 
is shown by a combination of the characters of rhizome, stipe, 
frond form, and venation. 

PHanzen welt Afrikas 2 (11)08) 10. 

“Notes Pterid. 14 (1023) 210,217. 

“ Op. t it. 215. 

‘ Philip. Journ. Sri. § C 2 (1007) 170. 

" Philip. Journ. Sei. § O 3 (1008) 31, pis. 1-1. 
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Key to the specks of llemigramma . 

1. Simple, or pinnate with rachis mostly winged. 

2. Stipe of sterile frond short. . 1. //• loti folia. 

2. Stipe 25 cm or more long. 

3. Basal lobes or pinna* simple. 

4. Fronds trifid. . 2. //. decor re ns. 

4. Fronds trifoliolate . .... .. 3. G. bonii. 

3. Basal pinna? forked. 

4. Sterile segments or pinna* lanceolate. . ... 1. H. hollrungii, 

4. Sterile divisions broader . . . 5. //. taeci folia, 

1. Pinnate, rachis mostly wingless. 

2. Apical segment trifid. . 0. //• yrmtdifolia. 

2. Apical segment simple . 7. //. sii folia, 

1. HEMKiKAMMA LATIFOLIA Copclnnd. 

llemigramma latifolia (Meyen: Goldmann) Copeland, Philip. Journ. 
Sci. § C 2 (1907) 406. 

Polybotrya lalifolia M-eycn in herb., teste Presl. 

Gymnoptcris Inti folia Presl, Tent. Pterid. 244, nomen; Goldmann, 
Nova Acta 19 Suppl. 1 (1843) 460. 

Frondis simplicis pinnis coriaceis oblongis inargine irregulariter cre- 
natis acuminatis uno latere basis deeurrentibus, veil is subpinnatis, venulis 
binis primariis cum venis trapezoideas aut hexagonoideas tiguras forman- 
tibus, venulis secundariis, tertiariisque in diverse formae figuras concur- 
rentibus et in apice globoso desinentibus, pinnis fertilibus eontractis, soris 
paginam inferiorem to tarn tegentibus. Manila. —Goldmann. 

Prcsl’s 17 much hotter description fixes the type locality de¬ 
finitely at “Hali-Hali,” properly Jalajala, Kizal Province, Luzon. 

This may well he the least stable of all the species of ferns. 
It has the distinction of appearing in Christensen’s Index under 
two widely separated genera, and has been referred by various 
authors to a long list of others. This is due to variability in 
the distribution of the sporangia, and it owes a wealth of 
specific names to its variability in other respects. 

The rhizome is more or less erect, short, stout, densely covered 
by scales, roots, and bases of stipes; the stipes are likewise 
quite densely and persistently scaly. The commonest form has 
very short stipes, from a few millimeters to 2 or B centimeters 
in length, the fronds forming a dense rosette. With simple, 
entire fronds, it is typical Polybotrya latifolia Meyen, Hem- 
ionitis zollinyeri Kurz, and Leptochilus hilocarpux Fee. Such 
fronds may be less than 10 centimeters long on plants already 
in fruit. Somewhat larger plants, with a large lobe on (one 


n Epimeliae 150. 
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or) both sides at the base, are Gymnopteris trilobata J. Smith: 
Mettenius. With still larger fronds, commonly 15 to 25 centi¬ 
meters long, and two or three pairs of lobes, it is Gymnopteris 
suhquinquefuki J. Smith, Leptochilus , Fee; and there is nothing 
in the description of Leptochilus trifidus v. A. v. Rosenburgh, 
Hull. Dept. Agr. Ind. Nierl. 18 (1908) 26, to create the sus¬ 
picion that it is at all different. These forms are not merely 
connected by intermediates; they very generally occur together, 
and, once a plant outgrows the exclusively simple stage, it 
usually bears a variety of fronds, different enough to characterize 
good species if they were constant. Nor does this exhaust the 
forms; it is not at all rare for the basal lobes to become sep¬ 
arate pinnae It is rare, but does occur, that these basal pinnae 
are forked at the base on the lower side. Plants with large 
fronds usually bear fewer of them, and the rosette character 
disappears. The base of the frond may be decurrent, or acute, 
or abrupt, or cordate, or be abruptly contracted to a short, broad 
wing, itself abrupt at the bottom. 

The fertile frond is longer-stalked, as is practically universal 
among ferns with dimorphous fronds. It may conform in divi¬ 
sion with the sterile fronds of the same plant, or may be more 
nearly simple. It is usually narrowly linear, but not filiform; 
dilated fronds, which I construe as atavastic, are not rare. 
The sporangia are at first confined to the veins, but may finally 
extend to the parenchyma. 

It may be observed that I retain Campinm minus with the 
status of a species, but do not similarly distinguish the dwarf 
forms of Hemifjramma latifolia , likewise fertile, and often col¬ 
lected by themselves. This is done on the basis of field fami¬ 
liarity with both in the Philippines. Only cultural study will 
finally determine which course is proper in either case. 

Common in the Philippines; known in various other parts 
of Malaya. 

1. IIKMICHAMMA DECURRENS (Hooker) Copeland, comb. nov. 

Gymnopteris decurrens Hooker, Journ. Bot. 9 (1857) 359; Exotic 
Ferns, pi. 94. 

Gymnopteris harlandi HOOKER, Garden Ferns, pi. G; Leptochilus 
fmrlandi C. Christensen. 

Fronde sterili ampla submembranacea nitida pinnata, pinnis subquinque 
ovali-lanceolatis longe tenui-aeuminatis obscure sinuatis basi decurrentibus 
tribus superioribus coadunatis terminali maxima, fertilimulto minorc rigi- 
diore, pinnis angustioribus vix acurninatis repando-sinuatis, stipite elon¬ 
gate rachibusque castaneis nitidissimis. 

llab. Hongkong, Dr. Harland .—Hooker, Journ. Bot. 9 (1857) 359. 
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This seems to be larger than any other species of its genus; 
sterile frond 45 centimeters long, beside a tall stipe, and 35 
centimeters wide. As in other species, the rhizome is stout 
and the fronds are crowded. See further comment under Gym- 
nopteris bonii, infra. 

3. GYMNOCTKRIS UONII Christ. 

Gyrnno pterin bonii Christ, Bull. Herb. Boiss. II 4 (1904) 610. 

Magna. Rhizomate brevi obliquo ascendente digiti crassitie, lignoso. 
Stipitibus subfasciculatis (3 vel 4). Stipite tenui ad basin incrassato 
rufobrunneo, squamis nitidis subulatis 1 cm. longis dense* vestito. Kolii 
sterilis stipite 25 cm. Ion go, folii fertilis stipite 10 ad 45 cm. longo. 

Fronde? sterili deltoideo-pinnata 25 ad 30 cm. longa 20 cm. lata, pinna 
terminali ampla triloba (interdum bilnba nut integral ovato acuminata 
20 ad 25 cm. longa, lobo terminali 15 cm. longo K cm. lato cum lobis late¬ 
ralibus aliquantum minoribus ad basin late, saepc? oblique connate <le- 
currenti, a pinnis lateralibus spatio 5 cm. metiente separate. Pinnis dua- 
bus lateralibus paribus (una utroque racbeos latere*), ovatis, rarius de- 
eurrentibus. Pinnis et lobis integris aut leviter undulatis. Costis rufes- 
centibus. Nervis lateralibus fere usque? ad marginem conspicuis, 7 mm. 
inter sese distantibus, areolis magnis nervulis multis ramosis liberis 
clavatis repletis. 

Fronde fertili conformi, sod valde reducta, 10 cm. longa, lobis pinnisque 
7 cm. longis 1 cm. latis lanceolato-linearibus acutis crenato-repandis, facie 
inferiori sporangiis confertis brunneis omnino ropleta, vix costa emergent!?. 

Textura herbaeea, facie glabra, colore brunneO'viridi. Ad G. Hartandi 
(Hook. Arrostieh.) Chinae meridionalis (Hong Kong C. Faber) accedcns, 
quae multo minor, valde eoriacc*a. 

Hah. Tonkin Gall. Ninh-Thoi C. P. Bon, 22. XII. 1888, N" 4070, 5410. 
Formosa in rupestribus littoris Kelung C. Faurie, mai. 612. —Christ. 

There is no question that this belongs in He mi gramma, and 
in most genera if would hardly occur to me to doubt its specific 
distinctness. In Hemifjramma, 1 have enough doubt not to care 
to transfer the name. T have from the Gray Herbarium a speci¬ 
men of Henwjramma decurrens from Formosa, collector and 
date not stated, but distributed from Kew. If is moderately, 
but not ‘Valde,” coriaceous and, unlike the Hong Kong plant 
as described (in English) and figured, has the ribs of the sterile 
frond absolutely glabrous beneath. In form and stature it con¬ 
forms perfectly to Hookers specifications. 

Leptochilus Imtiashiroi Hayata, leones FI. Form. 5 (1915) 
298, is described as distinguishable from L. bonii “by the much 
broader pinna? of the fertile fronds.” The frond may be tri- 
foliolate or merely trifid, and the segment may be entire or 
irregularly crenate-lobed. Such differences are far within the 
range of forms familiar in II. latifoliua , and might be expected 
in its relatives. A Kuangtung specimen, Levine 7W, has the 



406 


The Philippine Journal of Science 


1928 


fertile pinnae nearly as wide as Hayata describes, and simple 
and trifoliolatc fronds on the same plant. The rhizome and 

the scales on it and on the bases of the otherwise naked stipes 

are characteristic of the genus. It is papyraceous, not coria¬ 
ceous. 

4. IIEMICRAMMA IIOLLRIIMUI (Kuhn) Copeland, comb. nov. 

(1 ynnwpteri* hollrnnyii Kuhn, in Schumann and Ilollrung, FI. 

Kaiser-Wilhelmsland (1889) 8. 

I have not seen the original diagnosis of this, but quote from 
van Alderwerelt, Malayan Ferns, page 737: 

Rhizome erect, densely clothed with ferrugincous, long-acuminate bristle- 
like scales. Stipes scaly at the base, 40-50 cm. long, canaliculate. Sterile 

fronds 2F> MO cm. long, 35 40 cm. broad, with the base pedatiscct, the 

higher part pinnatifid; lobes lanceolate, 25-30 cm. long, 3 4 cm. broad, 
entire, acuminate. Texture subcoriueeous, surfaces naked. Fertile fronds 
25-30 cm. long, 30-40 cm. broad, pinnatifid, on stipes 60-05 cm. long; 
lobes 15 20 cm. long, linear, entire or slightly sinuato-repand. 

New Guinea and New Pomerania. 

5. IIEMH.RAMMA TACCIFOI.IA (J. Smith: Ft*e) Copeland, comb. nov. 

Gymnoptvris taccaefoliu J. Smith, Hooker’s Journ. Bot. 3 (1841) 403, 
nomen. 

Lcptockilux face if alius Fkk, Acrost. (1815) 89, pi. 50. 

Frondibus sterilibus amplis, piniiatitidis, segmentis infimis bipartitis, 
lutcrnlihus ovato-lanceolatis, acuminalis, glabris, repandis, inferne sub- 
petiolatis, su peine basi conlluentibus, rhaebi alato, impari tripartita, 
nervillis prominentibus, retieulato-tlexuosis, rufescentibus; fertilibus pin- 
natifidis, anguste linearibus, oppositis, segmentis infimis bifidis, apice 
aeLiminatis, stipitibus in omnibus glabris, strialis, depressis; rhizomatc 
erasso; sporangiis annulo lato, 11-12 articulato, spot*is ovoideis, episporio 
i i i aequale membra naceo. 

Dimensions: Longueur de la fronde sterile, 13 centim.; petiole, 7 centim.; 
frondules de la base, 22 centim., sur 5-0 de large; (dies ouvrenl avec la 
nervure mediant* un angle de 65° environ. Longueur de la fronde fertile, 
12 cent..; partie fructifere, 18 centim.; segments inferieurs, 12-14 centim.— 
Fkk. 

Mindoro, Cuminp 257, Puerto Galera, Bur. Sci. 46428 Kamos, 
1025. 

From the Cuming collection, Presl, too, described this fully 
as to the lamina*, but without trying to state the length of the 
stipe of the sterile frond. As to the Ramos collection: 

Stipe of the sterile frond 20 to 35 centimeters long, of the 
lertile frond, up to 50 centimeters. Sterile frond 25 to 35 centi¬ 
meters long, and not quite as wide, pinnate, or sometimes with 
the rachis winged to the base. Free pinnse usually one pair, 
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opposite, adnate or not, deeply deft near the base on the lower 
side; above these, about three pairs of oblanecolate, acuminate 
lobes of which the lower are sometimes free (pinme), and a 
larger apical segment. Fertile frond about as large, its pinme 
up to 25 or 30 centimeters long, one or two pairs of them deeply 
split into two long, linear or filiform divisions. Following 
Hooker, and well knowing Ilemif/rammu latifolia to be ex¬ 
tremely variable, I supposed this to be merely its most ample 
form. Having this idea, when the real H. tarcifolia came re¬ 
cently into my hands, I prepared for it a diagnosis as a new 
species; however, it is very exactly, and completely enough, 
described by Presl. At least as to the specimens in hand, it dif¬ 
fers from Hemirjramma latifolia in color, being a light, brownish 
green, whereas the latter is characteristically either quite dark, 
or mre often mottled. 

6. HKMIGRAMMA CRANDIFOLIA Copeland. 

Hemignunma yravdifolia Copet.AND, Philip. Journ. Sei. § C 6 (1011) 
77. 

Fronde pinnata ca. 30 cm alta et lata, longe stipitata; pinnis oppositis 
utroque latere 2 vel 3; pinnis st-crilibus vel seginontis earum obloncoolatis, 
acuminatis; infimis 1 vel 2 furcatis, apieale trifida, frondis fertilis ])innis 
infimis usque ad 15 cm longis, 2 mm latis, simplieibus, sporangiis laminam 
obtegentibus. 

No. Lakekarnu. 

A very distinct species, the sterile frond preserving in large* measure the 
form of Tectaria crcmita , from which, or from near which I consider the 
genus to he descended.— Coi*KLAM>. 

Known only in Now Guinea and only from the one collection. 

7. HEMIUKAMMA SIIFOL1A (Kosenxtock) Copeland, comb. nov. 

ficptochiluR ftiifolitts Rosknstock, Med. Rijks Herb. Leiden 14 (1012) 
32. 

Ad(*st folium unicun) sterile et unicum fertile.—Folium sterile (stipito 
inch) 32 cm longum, 27 cm latum; stipes 2 mm fere erassus, ochraceo- 
strainincus, basi fusceseenti paleis parvis, lanceolatis, fuscis sparse ornatus, 
sursum cum rhachi brevissime tomentosus; lamina e basi cordato-truncata 
rotundato deltoidea, membranaceo-herbacea, in sicco luteseent i-viridis, cos- 
tis supra brevissime tomentosis exeeptis glaberrima, pinnata; pinnae 
oppositae, trijugac cum impari terminali, obovato-oblongae, breviter aeu- 
minatac, margine intogerrimae, basales recto patentes, prol'unde furcatae, 
ramo posteriore quam anterior paulo minore, ceterae suberoctae simplices, 
inferiores et mediales breviter petiolatae, superiores subsessiles, termina- 
lis petiolo 1 cm fere Iongo instructa; pinnae omnes inter se fere subaequa- 
les, tenninalis maxima, U> cm longa, 3A cm lata; costae subtus prominentes, 
supra prominulae; venae primariae conspieuae, strietae, sub angulo (>0° 
ex costa excurrentes, marginem fere attingentes, secundariae et tertiariae 
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more Sat/eniarutn dense reticulatac, maeulis venis liberis crebcrimis in- 
fttructis; folium fertile stipite 35 cm. longo instructum, lamina sterili 
subaequalis et arnbitu eonformis, attamen pinnae anguste lincares et 
c i r c i n n a to- H ex u osac*. 

Lombok SYV., Sep i-berg, Nordabhang, 0-300 m. (C. Griindlcr no. 2485). 

Diese Art unterseheidet sich von dem nachst verwandten Leptnchihm 
lafi/olius Meyen von den Philippinen besonders durch die Gestalt der stori- 
len Blatter. Wahrend diese bei genannten Art entweder durchaus odor 
doth in ihrem oberen Theil fiederschnittig sind, besitzt unsre Art ccht 
gefiederte Blatter mit gestielten und nicht herablaufenden Fiedern. Sic 
gleirhon denen des Anpidiwm srifolium Willd., sowohl in der gestalt, als 
auch in der Nervatur. .Rosenstock. 

Excepting of Hemigramma latifolia, past collections are not 
sufficient for the satisfactory characterization or delimitation 
of the species of Hemigramma. I do not try to decide that seven 
species, or only seven valid species, are known to date. Hemi¬ 
gramma latifolia is quite certainly distinct from any other spe¬ 
cies listed here; and its listed synonyms are positively such, 
with the possible exception of H . zoUingeri. As to the latter, 
while nothing of the kind can be deduced from its description, 
better acquaintance may show that it is locally evolved, inde¬ 
pendently of the simple form of H. latifolia. 

Hemigramma decurrens , Gymnopteris bonii , and Leptochilus 
kanashiroi are not well enough known to establish their constant 
differences, or their identity. Plants conforming to their re¬ 
spective descriptions have concurrent distribution, and there 
has not been sufficient collection to demonstrate that any one of 
them is constant, or variable, in character. It should be em¬ 
phasized that the fact that H. latifolia is exceedingly variable 
is no conclusive argument against the constancy of a related 
species. H. taccifolia appears to be local and clear-cut. 

These remarks as to the far-northern species apply equally 
to the three large species of the southern area, H. hollrungii , 
II. gran difolia , and //. ,s difolia. If they conform to the published 
descriptions, they are distinct ; but single collections provide in¬ 
adequate evidence that they do this. 

Genus QUERCIF1LIX Copeland, novum 

Genus tantum monotypicum filicum verosimiliter e Sagenia 
evolutarum; rhizomate ad terram repente; frondibus parvis ap¬ 
proximates, pinnatis, dimorphis, pilosis; venulis anastomosanti- 
bus cum liberis ramosis inclusis; sporangiis primo ad venas 
frondium valde contractarian restrictis laminam deinde obte- 
bentibus. 

Species unica cognita: 
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Qi ; EK('IFILIX ZKYI-ANICA (Houttuyn) Copeland, comb. nof. 

Ophioglo88um zvylanicum Houttuyn, Nat. Hist. 14 (1783) 43, pi. 43, 
fig. 1; Christensen, Index Fil. (1906) 472. 

Rhizome rather slender, creeping, scaly. Stipes approximate, 
short, 2 to 4 cm long, sparsely scaly at the base and pubescent 
throughout. Sterile frond 6 to 10 cm long, 3 to 5 cm wide, 
normally with one pair of sessile basal pinna?, which arc always 
dilated at their base, and usually large 
enough to make this decidedly the widest 
part of the frond. Above these, the body 
of the frond is pinnately lobcd with round¬ 
ish lobes, and the apex is rounded. A 
main vein enters each lobe, but docs not 
reach its apex; otherwise, except in basal 
pinna? which themselves are lobed, there Fui - 5J <?«*»■«#»» zeyian - 

. , ica (Houttuyn) Copeland, 

are no mam veins. The venation is rather C omb. »ov. ; iion K Kon*. 
irregular, perhaps in correlation with 

the small size; free included veinlets are fairly numerous, but 
without any regularity. Fertile frond of the same design, but 
small and long-stalked, its divisions only 2 to 3 mm wide, the 
basal ones often forked. 

This fern has been called Ophioglossum , Osmunda , Acrosti - 
chum , Onoclea , Gymnopterut, Leptochilus , Dendroglosm, and 
Polybotrya . It is in all herbaria, and in cultivation, and has 
been figured repeatedly. AcrosticJmm and Gymnopleris were 
reasonable names in their time; but it has had no generic name 
that it can keep when a genus is construed as a group composed 
of species related, instead of merely similar. If it had to be 
placed in any one of to-day’s genera, this would most conve¬ 
niently be Hemigramma , and most properly be Teclarm. I do 
not believe that any descendant of the Polypodieae inherits the 
possibility of producing such hairs as clothe its stipe, nether 
surface and margin. Fee tried to establish a genus Dendro - 
glosxa, composed of this species and Hemigramma , but this was 
not the Dendroglossa of Presl, which is indisputably polypodiid 
in origin. I believe QuercifiUx to be tectarid, but not, within 
Tectaria , of common origin with Hemigramma . The source of 
the latter is clearly in the affinity of T . decitrrem. The probable 
source of QuercifiUx is in the quite distinct group represented, 
for example, by Tectaria lahrusca.. 

The wide dissemination of QuercifiUx —Mauritius and Ceylon 
to Formosa and Borneo- -and its uniformity wherever it has 
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boon found, indicate a very considerable age. It does not re¬ 
main in such a plastic condition as does Hemigramma latifolia . 

SPECIES EXCLtJDENDAE 

Leptociiilus (Chrysodujm) raapii v. A v. Roscmburgh, Bull. Dept. Agr. 

Ind. Neerl. 18 (1908) 27, pi. 8. 

This is a true A eras tie hum, as shown by the shape, texture, 
and venation of the pinna*, erect caudex, and densely clustered 
stipes, and most definitely by the narrow, dark pale® with 
lighter-brown margins. It is to be suspected of being juvenile 
A crostichum a/ureum. 

DHYOPTKKIS CELEBICA (Baker) Copeland, comb. nov. 

Acrostic hum cclcbicum BAKER, Kew Bull. (1901) 145. 
heptochilus cclehicus C. Christensen, Index Fil. (1905) .384. 

Baker's citations of specimens are: Curtis hJI and Sauviniere 
01, of which I have Sauviniere's from Kew. Neither stipe nor 
rachis is really naked, and the pinna? are mostly coarsely sen¬ 
ate, rather than “leviter pinnatifidis” with obtuse lobes. How¬ 
ever, in the absence of opportunity to compare the two collec¬ 
tions, I accept Baker’s judgment of their identity, and keep his 
specific name for Sauviniere’s plant. It is clearly a member 
of the Dryopteris canescens group, very rich in species as well 
as in names, in Celebes and the Philippines. It is near to, but 
not identical with, Aspidium canescens forma acrostiehoides 
Christ, Ann. Jard. Bot. Buit. 15 (1898) 182, which may be 
identical with the same author's var. acrostiehoides, Philip. 
Journ. Sci. $ C 2 (1907) 200, of his “new subspecies,” 1). diver- 
siloha (Presl). It is likewise nearly related to Dryopteris hosei 
(Baker) C. Christensen. 

For the correct assignment of the following four species, I 
am indebted to Dr. Carl Christensen. None of them seemed to 
fit well in any genus ever included in Leptociiilus , but their 
correct placing was not possible from the published descriptions 
alone. Knowing that Doctor Christensen was engaged with the 
ferns of Borneo, and in possession of the necessary authentic 
specimens from Kew, I asked his help, and he has very kindly 
advised me as follows: 

Ackostichum exscui.pttum Baker, Journ. Bot. 26 (1888) S2C>. 

“Is to the smallest details identical with M e nisei urn steno- 
phyUum Baker (Dryopteris brevipimm C. Chr.), now Dryopteris 
exsculpta (Baker) C. Chr.” 
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Acrostichum a ntroph yoides Baker, Journ. Linn. Soc. Hot. 22 (1886) 231. 

‘‘This is Loxogramme iridifolui (Christ) Copel., now Loxo- 
Rrammc an trophy oides (Baker) C. Chr.’’ 

This is well known in Borneo, as well as in Celebes and the 
Philippines, under Christ's specific name. The parties to the 
nomenelatorial history of this species make it particularly per¬ 
tinent to recall here Christ’s review of Christensen’s Index, 
in which Christ berated the changer of names, and maintained 
that the real service to botany was performed by the man who 
recognized and described a new species, and that there is ma¬ 
terial injustice in making his name subordinate to that of one 
who merely changes the generic name. With full reverence for 
Doctor Christ, who would have required a revelation to know 
that he was redescribing Baker’s species, I think it is clear 
here that the real service is neither Christ’s nor Baker’s, but 
Christensen’s. 

Acrostichum modestum Baker, Journ. Linn. Soc. Bot. 22 (1886) 231. 

“According to a sterile specimen in herb. Christ from the 
type collection, identical with a fertile specimen from the Sa¬ 
rawak Museum, this is technically a simple-fronded Tectaria , in 
habit resembling Diplazitmi lanceum.” 

Acrosticiicm omcjodictyon Baker, Journ. Linn. Soc. Bot.. 24 (1887) 261. 

“This is a member of the meniscioid group of Dryopteris, 
closely related to D. exseulptaI). hosei , D. firmula , and others, 
and is Dryopleris oligodictya (Baker) C. Chr.’’ 




ILLUSTRATIONS 


Plate 1 

Lcptoch ilus axilla ns (Cavanilles) Kaulfuss; a, abnormal, partly fertile 
fronds; b, branch showing axillary buds. 

Plate 2 

Li'ptuchUiiH pluiyphyUus Copeland, sp. nov.; type. 


Plate d 

Campium linuaeanum (Fee) Copeland, comb, nov.; a , atavistic form; h, 
typical form. 

Plate 4 

Fifi. 1. Campium minus (Fee) Copeland, comb, nov.; Cuminy in her¬ 
barium Copeland. 

2. Cnmpium dilutatum Copeland, sp. nov.; type. 

Plate 5 

Fie. 1. Cnmpium lacinialnw Copeland, sp. nov. (?), simple form. 

2. Campium Innreolufurn (Fee) Copeland, comb, nov.; small speci¬ 
men, from Concan. 

Plate (5 

Campium nratnm Copeland, comb, nov.; type. 

Plate 7 

Campium (arininfutn Copeland, sp. nov.; type. 


Cumjnu m subsimpies 
form. 


Plate 8 

(Fee) Copeland, comb, nov.; imperfectly pinnate 


Plate 1) 


Campium hydro phyllum Copeland, comb, nov.; type. 


Plate 10 

Campium nitjrum Copeland, .sp. nov.; type. 

Pl-iATK 11 

Campium pseadoscalptnratnm Copeland, sp. nov.; type. 


Plate 12 

Cnmpium foxnorfhiji Copeland, sp. nov.; type. 

Plate Id 

Cnmpium tcuuissimum Copeland, sp. nov.; type. 
238746— 6 


413 



414 


The Philippine Journal of Science 


1928 


Plate 14 

Campium cut pula turn (Presl) Copeland, comb. nov.; Cuming 161 . 

Plate 15 

Campium valid-urn Copeland, sp. nov.; type. 

Plate lf> 


Campium subcordaturn Copeland, sp. nov.; type. 

Plate 17 

Campium interlineatnm Copeland, sp. nov.; type. 

Plate 18 

Campium palustre (Brackenridge) Copeland, comb, nov.; type. 

Plate 19 

Campium samoense Copeland, sp. nov.; type. 

Plate 20 

Campium rivtdare (Brackenridge) Copeland, comb, nov.; type. 

Pi ate 21 


Campium parvum Copeland, sp. nov.; type. 

Plate 22 

Campium arguinm (Fee) Copeland, comb, nov.; large form, McLean et ah 


9. n. 


Campium sem irordatu m 
right. 


Plate 2.3 

(Baker) Copeland, comb, nov,; cotype on the 
Plate 24 


Capium lumicardatum (Baker) Copeland, comb, nov.; collected by Beddome. 

Plate 25 

Campium lunceum Copeland, sp. nov.; type. 

Plate 2(5 

Campium crispatulurn (Wallieh) Presl; Wallich specimen in the Kew 
Herbarium. 

Plate 27 

Campium undulatum (Wallich: Hooker) Presl; type. 

Plate 28 

Campium bradfordi Copeland, sp. nov.; type. 

Plate 29 

Campium molle Copeland, sp. nov.; type. 

Plate 30 

Campium acrostL-houka (Afzelius) Copeland, comb, nov.; Sierra Leone, 
Scott FAliott IfOlfS. 
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Plate .11 

Campium august if olium Copeland, sp. nov.; type. 

Plate .‘12 

Campium flwviatile (Hooker) Copeland, comb, nov.; cotype. 

TEXT FIGURES 

[Text fiKurCB w€?ro drawn five limes natural size ami reduced to twice natural size, except 
tij?. 36, which is a copy of Hooker’s figure. 1 

Fig. 1. Campium linnaeanum (Fee) Copeland, comb. nov.; Davao. 

2. Campium. minus (Fee) Copeland, comb, nov.; a normal leaf from 
Los Banos, Laguna. Free included veinlets are usually much 
more numerous. 

,3. Campium minutulum (Fee) Copeland, comb, nov.; Khasia, Hooker 
and Thomson. 

4. Campium dilatatum Copeland, sp. nov.; type. 

5. Campium metallicnm (Beddome) Copeland, comb. nov. 

6. Campium lanceolatnm (Fee) Copeland, comb, nov.; peninsular 

India. 

7. Campium decurrens (Blume) Copeland, comb, nov.; Java, Winckel 

1335 R. 

8. Campium zeylanicnm (Fee) Copeland, comb. nov. 

i>. Campium ova turn Copeland, comb, nov.; type. Frond simple. 

10. Campium lariniatum Copeland, sp. nov.; type. 

11. Campium sub simplex (Fee) Copeland, comb, nov.; Bolster 244. 

12. Campium hydro phyllum Copeland, comb, nov.; type. Frond simple. 

13. Campium heteroclitum (Presl) Copeland, comb, nov.; Cuming 5. 

14. Campium nigrum Copeland, sp. nov.; type. 

15. Campium dive mif olium (Blume) Copeland, comb, nov.; Java. Pal¬ 

mer and Bryant 555. 

10. Campium pscudoscalptura!urn Copeland, sp. nov.; type. 

17. Campium foxworthyi Copeland, sp. nov.; type. 

18. Campium tenuisshnum Copeland, .sp. nov.; type. 

10. Campium cuspidatum (Presl) Copeland, comb, nov.; a, from Cum¬ 
ing Hit; b , from cotype of Gymnopteris inconstans Copeland. 

20. Campium quoyannm (Gaudiehaud) Copeland, comb, nov.; a, Min¬ 

danao, Elmer 13458'; b , A eras tie hum repandum Blume, Java, 
Mousset 140; e, Campium quoyuuum, China, United States Na¬ 
tional Herbarium, No. 232248; d , near Campium quoyannm, To- 
daya, Mindanao, Copeland s. n. 

21. Heteroneuron sinuosum Fee; cotype. 

22. Campium validum Copeland, sp. nov.; type. 

23. Campium subeordatum Copeland, sp. nov.; a, type; b , cotype. 

24. Campium interiineaturn Copeland, sp. nov.; type. 

25. Campium pahustre (Brackenridge) Copeland, comb, nov.; Tahiti, 

Setchell and Parks 435. 

26. Campium samoense Copeland, sp. nov.; type. 

27. Campium rivulare (Brackenridge) Copeland, comb, nov.; Fiji, 

Home ()34. 

28. Campium parvum Copeland, sp. nov.; type. 
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Fig. 29. Campium argutum (Fee) Copeland, comb. nov. 

30. Campium bipimuitijidum (Mettenius) Copeland, comb, nov.; Sey¬ 

chelles. 

31. Campium semicordatum (Moore: Baker) Copeland, comb, nov.; 

a, cotype; b t India, Beddomc. 

32. Campium lance am Copeland, sp. nov.; type. 

33. Campium anymtipinnum (Hayata) Copeland, comb, nov.; a, For¬ 

mosa, Faurie 281; b, Sikkim, Jerdon. 

31. Campium crispatulum Presl; Kamoun, Wallich U. 

35. Campium scalptaratiim (Fee) Copeland, comb, nov.; Lamao, Cope¬ 

land 2J t 9. 

36. Campium nndulatum (Wallich: Hooker) Presl; drawing after 

Hooker. 

37. Campium contatum (Wallich) Presl; a, from Assam; 6 , from 

Chittagong. 

38. Campium deUigcrum (Wallich) Copeland, comb, nov.; Sikkim, 

Thomson «. n. 

39. Campium virens (Wallich: Hooker and Greville) Presl; a, Sikkim, 

J. I). Hooker; b, Siam, Eryl Smith 1112. 

40. Campium bradfordi Copeland, sp. nov.; type. 

41. Campium mollc Copeland, sp. nov.; type. 

42. Campium suberenatum (Hooker and Greville) Presl; a. Cochin, 

Gamble H815 cult.; b, southern India, Gough 61. 

43. Campium feeiannm Copeland, nom. nov.; Conean, Law s. n. 

44. Campium ucrostichoidcs (Afzelius) Copeland, comb. nov. 

45. Campium humblotii (Baker) Copeland; Be Kitus Mountains, north¬ 

eastern Madagascar, ./. It. Last , 1900. 

16. Campium salicinum (Hooker) Copeland, comb, nov.; cotype. 

47. Campium anyustifolium Copeland, sp. nov.; type. 

48. Campium gemmiferum (Hieronymus) Copeland, comb, nov.; Niger, 

I. Barter. 

49. Campium anriculatum (Lamarck) Copeland, comb, nov.; Mauri¬ 

tius. 

50. Campium fluviatile (Hooker) Copeland, comb, nov.; cotype with 

short-hastate frond, Fernando Po. 

51. Campium f/aboonense (Hooker) Copeland, comb, nov.; Zenker 8806. 

52. Qnercifilix zeylanica (Ilouttuyn) Copeland, comb, nov.; Ilong Kong. 
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f hj. 1. Canumim lamniatum Copeland. sp. nov. ( ?). simple form. 2. Camnmm lamcolatun, 
(f-tc) Copeland, romli. nov.; sonall specimen. from Conran. 
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PLATF 6. CAMPIIJM OVATUM COPFLAND, COMli. NOV.; TYF^L. 
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PLATE 7. CAMPIUM LACINIATUM COPELAND, SP. NOV.; ! YPE. 
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PLATF 13. ('AMPIIJM TFNUISSIMUM COITI AND, SP. NOV.; TYPF. 
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A CYTOLOGICAL STUDY OF COCOS NUCIFERA LINNAEUS 

By Josti K. Santos 

Of the Department of Botany , Uvivernity of the Philippines 
and of the Bureau of Science , Manila 

SEVEN PLATES 

For many years the reduction divisions in the mother cells have 
been studied and described in various forms with the object of 
determining the time, the nature, and the extent of the sequence 
of events during the process. The structure, the behavior, and 
the differentiation among chromosomes and the part they play 
in heredity have been also carefully considered. That the num¬ 
ber of chromosomes is reduced to one-half previous to the union 
of the gametes became universally accepted, but the method 
by which reduction divisions or meiotic divisions are accom¬ 
plished is still not so clear, because of the numerous diversified 
accounts and confusing views regarding the details of meiotic 
divisions, which need not be reviewed here. The diversity of 
opinion is partly due first, to the complexity of the process, cou¬ 
pled with certain unavoidable flaws in the technic essential to 
the study of the process; second, to the difficulty of interpreting 
the details of the series of stages under the condition in which 
the delicate material is studied; and, third, to the specific differ¬ 
ences exhibited by the various organisms during the meiotic 
divisions. Any additional cytological study, therefore, is of con¬ 
siderable interest. Since the anthers of Cocos nucifera Linmeus 
are rather favorable material for such an investigation, this 
piece of work was undertaken with the hope of throwing more 
light upon the phenomenon of synezesis, or synapsis, and its 
relation to reduction division. 

MATERIAL AND METHODS 

The material used in this study was collected from two places 
in Luzon, Philippine Islands, where the tree is extensively cul¬ 
tivated. One portion of it was collected on April 7, 1926, from 
Mauban, Tayabas Province, while the other and the greater 
portion was collected on May 13, 1926, from San Pablo, Laguna 
Province. The two sets of material were fixed in the field from 
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the inflorescences just beginning to emerge from the axils of the 
leaves. The samples were taken from the different parts of the 
inflorescence and fixed separately. Thus, those taken from the 
tips of the spikes were fixed separately from those taken from 
the middle part and separately from those collected from the 
base. 

The fixing fluids used were 1 per cent chrom-acetic acid with 
ten to fifteen drops of 1 per cent osmic acid to 50 cubic centi¬ 
meters of the solution, and Flehmming’s strong chrom-osmic 
acetic acid solution. The young anthers were mostly cut into 
two parts and some were trimmed at both ends of the anther 
before they were placed in the fixing fluids. Both fixatives gave 
fairly satisfactory results. 

The material was embedded in 50 to 52" C. paraffin, and cut 
from 5 to 10 // thick with some 10 to 15 thick and stained with 
Haidenhain’s iron-alum hematoxylin. 

RESTING STAGE TO SYNEZES1S 

The pollen mother cells following the last mitosis in the 
archesporium are more or less polygonal in outline and fit tightly 
together with no spaces between them. There is as yet no round¬ 
ing of the cell wall. The cytoplasm is exceedingly dense and 
granular with a very few small vacuoles. The nucleus is com¬ 
paratively large*, somewhat spherical, and possesses a well-defined 
nuclear membrane. It is usually found lying very close to one 
side of the cell, especially during prophase and synezesic stages; 
but soon after the spireme begins to emerge and spread through¬ 
out the nuclear cavity, the nucleus seems to move toward the 
central part of the cell. There were comparatively few cases 
in which the nucleus was found close to one side of the cell 
during the open spireme stage. Even in such cases, the position 
of the nucleus compared with that in the earlier stages is farther 
from the wall. 

The scarcity of the resting stage of the nucleus, during the 
early stage of the anthers of Cocos nucifera , seems to indicate 
that it lasts only for a short time, for it soon goes into pro¬ 
phase. Plate 1, fig. 1, represents a definite resting stage. It 
is characterized by the somewhat uniformly distributed chro¬ 
matin reticulum throughout its cavity. At the intersections 
between the chromatin threads and the delicate fibers connect¬ 
ing them there are very minute nodelike structures or granules 
of different sizes. During this stage the chromosomes were 
completely resolved into a network of threads and their indivi- 
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duality is completely lost. There is no trace whatever of par¬ 
allelism of the threads. 

Heterotypic prophase .—The early prophase of the first meio- 
tic division is differentiated from the resting stage by the 
gradual and progressive increase in size of the chromatin gran¬ 
ules or nodelike structures in the reticulum, the thickening and 
contraction of the threads, and the decided enlargement of the 
nucleus. As the nuclear changes advance, the granules come 
closer together and take a deeper stain, while the chromatin 
threads contract and become thicker and shorter. The reti¬ 
culum as a whole loses the even and uniform characteristic, 
as represented on Plate 1, fig. 2. The meshes become larger 
and different in size. Some of the threads which have been 
lying far apart are apparently brought near together by their 
gradual contraction. Plate 1, fig. 3 f shows the condition of 
the reticulum before synezesis. The chromatin threads are ir¬ 
regularly thickened, the nodal structures are more prominent, 
and the meshes become smaller. 

Synezesis .—The gradual withdrawal of the chromatin threads, 
or network, from the nuclear membrane marks the beginning 
of synezesis or synapsis as represented on Plate 1, fig. 4. Dur¬ 
ing the progress of events leading to this stage there is a notable 
and irregular progressive increase in diameter of the threads, 
which seems to be brought about not only by contraction but also 
by fusion of material from the chromatin threads that happen 
to run parallel to one another. Furthermore, there is an indica¬ 
tion of a flow of material from one thread to another, or from 
one part of a thread to another part, similar to what Gleland(&) 
observed in Oenothera franciscam. A greatly enlarged portion 
of the thread is represented on Plate 1, fig. 5. The contraction 
continues steadily until almost all the threads and meshes in 
the reticulum are drawn into a more or less compact mass that 
lies usually near the side of the large nucleolus and at one side 
of the nuclear cavity. At this stage the chromatin material 
appears as a lumpy mass with some globular projections, and 
a few small loops may be found on one or two sides of the syne- 
zesic knot. The pollen mother-cell nucleus remains in this 
condition for a long period, for the majority of the nuclei of 
the pollen mother cells of the younger anthers are usually ob¬ 
served in synezesis. A series of stages leading to synezesic 
contraction are represented on Plate 1, figs. 6 and 8, and on 
Plate 2, figs. 9 and 10. Very frequently fine strands extend 
across the nuclear cavity. Plate 1, fig. 7, shows a portion of 
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a greatly magnified spireme taken from the nucleus represented 
in fig. 6. Figure 10 represents a definite stage of synezesis 
after a maximum contraction is attained. The nature of the 
spireme at this stage is very difficult to determine with accuracy. 
A careful examination of some thin tangential sections, however, 
seems to reveal that the chromatin nodes, or granules, were 
brought very close together by contraction. These granules are 
found arranged in most cases in single rows and in a very few 
instances in two rows running side by side. Since these few 
cases of the parallel arrangement of the granules are so rare 
in the material examined it is quite obvious that the spireme 
is univalent in nature. From this fact the condition observed 
in Cocos nucifera can by no means be compared either with 
Digby’sO) findings in Osmvnda or with the writer’s(20,21) in 
Elodca, in which the parallel arrangement of the granules or 
the double nature of spireme is very evident. All the in¬ 
dications tend to agree with the observations of Cleland(S) on 
Oenothera, in which the scattered chromatin granules from a 
thin-thread reticulum are brought together into a thick spireme 
by a process that consists largely of the contraction of certain 
threads and the absorption of their contents into the body of 
other threads, a process which he believes involves occasional 
parallelism. Plate 2, fig. 11, represents a very small portion 
of the spireme in the same stage as fig. 10. 

That the synezesis is brought about by the contraction of 
the chromatin reticulum and by the decided enlargement of the 
nucleus, as has been definitely observed in Lactuca by Gates and 
Itees(i;i) and in Elodea by the writer(20, zi), is also very evident 
in Cocos nucifera. When the size of the contracted reticulum 
is compared with that of the resting condition and the cavity 
of this nucleus with that of the synezesic stage a relatively 
great difference is noted. The synezesic knot is distinctly smaller 
than the original reticulum, while the cavity of the resting stage 
is comparatively smaller than that of the synezesic stage. This 
is essentially contrary to Lawsons’s view point. 

The nucleolus may, or may not, be entirely inclosed by the 
chromatin knot. Generally, however, it is found at one side of 
the synezesic knot, and sometimes is partly covered by a few 
projecting loops of the spireme. There is no material change 
observed in the nucleolus up to this stage except that it has 
increased in size, almost twice as much as during the resting 
stage. 
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Open spireme .—After the period of the greatest contraction, 
the chromatin mass begins to loosen and it becomes a continuous 
univalent short and thickened thread, known as the spireme, 
which extend slowly throughout the nuclear cavity. Free ends 
are rarely observed. During this gradual distribution of the 
spireme, beautiful loops corresponding to the gametic number 
of the chromosomes are formed. At this stage the spireme ap¬ 
pears more uniform in diameter, although in some places it 
may have an irregular thickening. Plate 2, figs. 12, 13, and 15, 
illustrates this gradual unfolding of the spireme from the syne- 
zcsic knot. Judging from the frequency of this stage in the 
several sections examined, it appears to be of long duration. 
There is no sign of splitting observable, and the spireme, unlike 
that of ElodeaA 20, 21) does not show the double nature. The 
spireme is distinctly single and more or less smooth and uni¬ 
form. Plate 2, fig. 14, is a detailed drawing of a greatly mag¬ 
nified portion of the spireme taken from a superficial section. 

While the spreading of the spireme is taking place the nu¬ 
cleolus begins to separate from the spireme and its size is grad¬ 
ually reduced. This reduction of the size of the nucleolus is 
significant. It seems that the nucleolar content contributes in 
someway to the formation of the thick spireme. Cleland(&) 
shows a figure that indicates a clear connection between the 
nucleolus and one end of the spireme. It is also quite evident 
that the nucleolus at this stage takes the stain very lightly, and 
a few clear rounded spaces at e developed. 

Second contraction .—Shortly after the spireme is uniformly 
spread into wide loops radiating throughout the nuclear cavity 
(Plate 3, fig. 16), the nucleous passes into another interesting 
phase of meiosis known as second contraction. Early stages 
leading to this phase are represented on Plate 3, figs. 17, 18, and 
19. The first indication noticed is the gradual shortening and 
approximation of the sides of each loop and the progressive 
thickening and condensation of the chromatin thread. Up to 
this stage the chromatin thread remains distinctly single and 
there is no sign at all of fission. 

As the process of shortening and condensation proceeds, the 
loops become shorter and thicker and their two sides approach 
each other closer and closer, while the spireme as a whole under¬ 
goes a slow process of transverse segmentation. The segmen¬ 
tation becomes evident from the time the loops begin to re¬ 
arrange themselves in the nuclear cavity, and it is apparently 
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completed during the later stage of the second contraction. It 
is indicated by the formation of a constriction usually at the 
distal end of the loop (Plate 3, figs. 17 and 18). The loops arc 
gradually detached while the massing of the filaments is going 
on. In a critical study of the chromatin filaments at this stage, 
particularly on the two sides of the loops, the writer failed 
to find any sign of longitudinal splitting or fission. This shows 
that each side of the loop represents a univalent chromosome, 
contrary to the interpretation of Gregoirc(i4,15,16) and his fol¬ 
lowers. 

While the nucleus advances into second contraction, the greater 
part of the spireme filaments become gradually collected and 
entangled at the side of the nucleolus. During this period the 
visible identity of the individual parts of the spireme is some¬ 
what lost, although in some cases isolated portions may remain 
independent and free. Plate 3, figs. 20 and 21, shows the char¬ 
acter of the late stages of the second contraction in Cocos un¬ 
ci fern. 

It is interesting to notice that during the later period of the 
second contraction there is a reduction in size of the nucleus. 
The pollen mother cells, which during the resting stage up to 
the later stage of synezesis were packed tightly together, are 
beginning to round off and separate from one another and large 
spaces among them are developed. 

Dirt kinesis. —The massing of the chromatin material during 
the second contraction is of short duration only, for it soon loos¬ 
ens and proceeds into diakinesis. This is perhaps the reason 
why this stage was overlooked by some of the previous in¬ 
vestigators. As the nucleus advances into this stage, the bi¬ 
valent segments are gradually thrown toward the periphery of 
the nuclear cavity and they begin to show a somewhat clear 
outline. On Plate 3, fig. 21, the bivalent chromosomes in vary¬ 
ing stages of evolution can be seen emerging from the knot 
of the second contraction. On one side of the nuclear cavity 
are three distinct loops coming out from the knot and moving 
toward the periphery, while on the other side one; or two loops 
are in the process of organization. Some of the chromosomes 
are irregularly thickened and more or less spirally twisted along 
their entire lengths, others show distinctly a double character, 
still others are slender and have a somewhat uniform diameter. 
In the last the chromosomes are univalent but joined end to 
end. During this period of nuclear activity the chromosomes 
usually tend to assume a position close to the nuclear mem- 
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branc. This peripheral arrangement is especially conspicuous 
after considerable thickening and condensation of the chromo¬ 
somes have occurred. The chromosomes represented on Plate 
4, fig. 22, show a definite stage after the second contraction. 
On the same plate fig. 23 illustrates a more-advanced stage in 
which most of the young heterotypic chromosomes are lying close 
to the peripheral part of the nucleus. 

While the paired chromosomes grow thicker and shorter the 
daughter chromosomes, or the members of the pairs, begin to 
separate or untwist. This process may be followed in a series 
of stages represented on Plate 4, figs. 23, 24, 25, 26a, and 26b, 
and Plate 5, fig. 27. The usual result of this separation, or 
untwisting, is the evolution of the configuration of the chromo¬ 
somes into various shapes. In some cases they become more 
or less like J’s, 0\s, X's, and Y’s, but in very many cases they 
are found having the characteristic shapes of U’s and V’s. A 
few fine and delicate strands are observed connecting separate 
chromosomes, and some run from the chromosomes to either the 
nuclear membrane or nucleolus. These strands are obscurely 
granular, and they may appear straight, curved, or crooked. 
Sometimes they connect each other and form a sort of net (Plate 
4, fig. 26b). The chromosomes now appear more homogeneous 
in structure, and they take more uniformly a deeper stain. 
Their outline is somewhat undulated, there is no splitting, and 
a great diversity is shown in their length. Plate 5, fig. 28, 
represents three greatly magnified bivalent chromosomes with 
Y, U, and X shapes and in the same stage as Plate 4, fig. 26. 

Plate 5, fig. 29, represents an interesting stage after the 
greater contraction and thickening have* occurred. The chro¬ 
mosomes present a ragged appearance. They are mostly V- 
shaped, although some possess either U or ring forms. There 
is no material increase in the number of strands connecting 
one chromosome to another or the chromosomes to the nuclear 
membrane. Still later stages of diakinesis are shown in figs. 
30 and 31. The paired chromosomes appear definitely indivi¬ 
dualized with a more-distinct outline. Some of them simulate 
dumb-bell-shaped bodies, and others, straight and bent rods. 
As in the earlier stages, they are of different lengths and each 
chromosome is composed of two short structures, so closely 
appressed to one another that its double nature is often difficult 
to detect. 

The number of bivalent chromosomes at this stage of the 
nuclear development was carefully considered. Several counts 



424 


The Philippine Journal of Science 


1928 


from different sections and from different preparations were 
made. In general the bivalent number observed was sixteen, 
and in a very few instances fifteen. These few exceptional 
cases, however, can be accounted for as due to the frequent 
overlapping of the chromosomes. 

During the late diakinesis stage and previous to the disso¬ 
lution of the nuclear membrane, there is a notable decrease in 
size of the nucleolus and also of the nuclear cavity. The shape 
of the nucleolus, as well as of the nuclear cavity, is apparently 
modified from spherical to elongated or ovoid. The nucleolus, 
which stands out prominently during the earlier stages of the 
pollen mother cell because of its great affinity for stain, begins 
to show a marked decreasing affinity for the stain. Its nu¬ 
cleolar content is greatly reduced as shown by the fact that 
two or more clear round spaces or intra-nucleolar vacuoles are 
developed. 

The nuclear membrane becomes more or less granular and 
irregular or wavy in outline. Its definite and smooth appear¬ 
ance is gradually lost, while the cytoplasm around it becomes 
denser and denser. That the nuclear membrane and the nu¬ 
cleolus disappear simultaneously at the time the fibers with 
granular appearance emerge from at least the three sides of 
nucleus is quite evident, as has been observed in Elodea.W o, 21) 
Plate 5, figs. 32 and 33, represents two characteristic stages, 
one closely following the other, of the late diakinesis. The 
multipolar spindle fibers are granular in structure and quite 
distinctly attached to the definite parts of the chromosomes. 
As the formation of the spindle fibers progresses, the nuclear 
cavity becomes smaller until it is completely filled by the fibers 
and by the dense cytoplasmic material. The chromosomes ag¬ 
gregate into a somewhat close irregular mass at the center of 
the pollen mother cell. 

HETEROTYPIC MITOSIS 

As the multipolar spindle fibers grow in number they are 
gradually rearranged into bipolars as indicated on Plate 5, fig. 
34. The spindle fibers are seen stretching and have lost their 
granular character, while the chromosomes, which by this time 
have undergone a complete process of condensation, are moving 
toward the equatorial plane and they appear as bent rods, 
pestlelike, or somewhat globular. The chromosomes seem not 
to reach the equatorial region at the same time, but as soon as 
they reach this region, they become arranged more or less evenly 
in one plane and in a very symmetrical manner. 
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A polar view of the heterotypic chromosomes is shown in fig'. 
35. The sixteen bivalent chromosomes are very evident, and 
they display the same variation in shape. One of the sixteen 
heterotypic chromosomes is strikingly larger than the others, 
and the longitudinal fission between the two daughter chromo¬ 
somes is very distinct, while three other chromosomes are smal¬ 
ler in size. They appear somewhat pestlelike and do not show 
longitudinal fission. This is one of the most favorable stages 
for counting the chromosomes for they are not crowded and 
seldom overlap each other. The several counts made at this 
stage revealed the same prevailing number, sixteen, that was 
obtained previously from the younger stages. 

At the equatorial plate the heterotypic chromosomes may be 
arranged radially or obliquely. Each chromosome has a small 
bundle of spindle fibers attached to the inner end of each daugh¬ 
ter segment, and the outer end extends perpendicularly from the 
spindle to the cytoplasm. In some cases, however, the chromo¬ 
somes lying near the periphery or near the central part may 
be found arranged tangentially to the spindle. In this case 
the point of attachment of the spindle fibers to the daughter 
chromosomes may be at either end or at, or near, the middle 
region. 

A typical side view of the metaphase stage of the heterotypic 
mitosis is represented on Plate 6, fig. 36. The general appear¬ 
ance is as if the contraction of the spindle fibers gradually pulled 
the two longitudinal halves apart. At the middle part, between 
the two separating daughter segments of each bivalent chro¬ 
mosome, there is a thickening which consists of the two ends 
that have not yet separated. Apparently, judging from this 
figure, all the chromosomes divide at the same time. 

Soon after the daughter chromosomes have separated they 
immediately diverge at their equatorial ends, and take on the 
V-shaped or, sometimes, the J-shaped forms, with apex toward 
the pole. As they move toward the poles, they pass through a 
slight process of condensation and differentiation until they 
reach the poles. In some cases a sign of splitting preparatory 
for the hommotypic mitosis is observed. Plate 6, fig. 37, rep¬ 
resents an anaphase stage. The V- and J-shaped chromosomes 
are midway to the poles. A late anaphase is indicated in fig. 
38. It illustrates the stage just after the daughter chromosomes 
have reached the poles. At this stage the chromosomes still 
retain their V- or J-shapes, although in some cases, their two 
ends are somewhat separated and appear as bent rods. Figure 
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‘*9 shows a polar view of the sixteen univalent chromosomes 
at about the same stage as that of fig. 38. The fission of the 
chromosomes in preparation for the succeeding homoeotypic mi¬ 
tosis becomes evident as they are congregated at the poles of 
the spindles. As the daughter chromosomes gather and mass 
together at the poles, they become surrounded by dense cyto¬ 
plasm. Then a clear space, or vacuolelike region, developes 
between the chromosomes, the boundary of which becomes the 
membrane of the daughter nucleus. This stage is represented 
on Plate 6, fig. 40, a telophase stage of the heterotypic mitosis. 
While this clear space and the nuclear membrane are in the 
process of organization the chromosomes expand and become 
longer and thinner. They radiate outward across the flattened 
region of the reconstructing daughter nucleus. Their free ends 
begin to curve, and because of this curving the end of one arm 
of a chromosome is brought into contact with an arm of an¬ 
other chromosome and those ends apparently fuse together. 
This fussion of the end of one chromosome to another seems 
to form a spireme of short duration only, for it is soon trans- 
versally segmented. This is shown by the fact that in the 
succeeding stages, although the shape and the position of the 
chromosome are apparently retained, the writer failed to find 
a distinct continuous spireme among the sections examined. 
Plate 6, fig. 41, represents a stage closely following the one 
shown in fig. 40. The nuclear membrane is definitely formed 
and the daughter J- or V-shaped chromosomes are seen con¬ 
nected with one another by delicate strands. Still more ad¬ 
vanced stages of the reconstructing daughter nuclei are indicated 
on Plate 7, figs. 42 and 43. The daughter chromosomes with 
somewhat ragged appearance and partially condensed are more 
or less evenly distributed in the nuclear cavity. The nucleus 
continues to grow in size and becomes rounded. The nucleolus 
is relatively small and frequently is hidden between the chromo¬ 
somes and does not appear clearly in the daughter nucleus. 

HOMIEOTYPIC MITOSIS 

The succession of events during the division of the daughter 
nuclei is extremely rapid. The period covered from the time 
the nuclear membrane is formed in the late telophase, up to 
the reorganization of the daughter chromosomes preparatory 
for the second division is of short duration. The daughter 
nuclei appear not to pass into anything resembling a typical 
resting condition. 
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Shortly after the nucleus has sufficiently increased in size 
and assumed the spherical form and the chromosomes have 
attained a more distinct outline, the nuclear membrane breaks 
down and the multipolar spindle fibers appear at different sides 
of the nuclear cavity. The cytoplasmic materials diffuse into 
the nuclear cavity, while the chromosomes collect closely to¬ 
gether, as in the previous division. The spindle libers radiate 
into this mass, and each chromosome is attached at, or close 
to, its end by a small bundle of fibers. As in the heterotypic- 
division, the multipolar spindle fibers become bipolars while 
the chromosomes become arranged in the equatorial plate. 
Plate 7, fig. 44, shows a polar view of the two sets of chromo¬ 
somes more or less evenly distributed. There are sixteen mono¬ 
valent chromosomes in each set. Like the heterotypic chromo¬ 
somes they display various shapes; some of them are somewhat 
globular while others resemble short bent rods, but most of them 
are pestlelike or dumb-bell-shaped. 

The two spindles may lie parallel or at right angles to each 
other, or in some cases in a V-shaped position. Plate 7, fig. 
45, represents a side view of two spindles at the metaphase stage 
lying almost parallel to each other. Figure 46, on the same 
plate, is about the same stage as fig. 45 and shows a side view 
of one spindle and more or less of an oblique polar view of 
the other spindle. This indicates that the two spindles lie some¬ 
what at right angles to one another. The majority of the chro¬ 
mosomes seem to be attached at the end or very close to it. 
They exhibit the same variations in shape as did the daughter 
chromosomes, which were observed in the equatorial plate, ap¬ 
pearing during their separation in the heterotypic mitosis. As 
the granddaughter chromosomes move away from one another 
and proceed toward the spindle poles they become V-shaped as 
in the previous division, but as they approach the poles they 
become considerably straightened out. During this stage no 
fission was observed. At the poles the chromosomes draw to¬ 
gether in a mass and become surrounded by a denser cytoplasm, 
which is followed by a gradual expansion and the appearance 
of a clear space between them. Ultimately, the nuclear-limiting 
membrane makes its appearance, while the chromosomes advance 
into a process of alveolization. Plate 7, fig. 47, represents a 
typical telophase stage just before the formation of the nuclear 
membrane and nucleolus, while fig. 48 shows one of the grand¬ 
daughter nuclei after the nuclear membrane and the nucleolus 
made their appearance. 
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DISCUSSION 

The series of changes preceding the development of the hete¬ 
rotypic spireme up to the formation of the bivalent chromosomes 
have been the important subject for research and debates for 
the last twenty-live years. Much work has been done and pub¬ 
lished on the cytology of animals and plants. Various accounts 
and interpretations of reduction division were offered and as a 
result two important theories were advanced; namely, parasynap- 
sis and telosynapsis. Both of these theories are very conspicuous 
in recent literature. The parasynapsis interpretation may be 
said to have been initiated by the excellent work of Hans Von 
Winiwarter(25) and strongly supported by Gregoire,(l4, 15, 16) 
A. and K. E. Schreiner,(23, 24) Allen, (l) Berghs,(2, 3) and 
others. According to this scheme the spireme consists of a 
double-thread system which arises by the union of homologous 
parental elements during the heterotypic prophase. Thus, the 
resulting spireme is bivalent in nature, and each of its segments 
is composed of two somatic chromosomes arranged side by side. 
The telosynaptic interpretation was advanced by Farmer and 
Moore,(10) and supported by Fraser,(ll) Mottier,(l0) Digby,(9) 
and others. The double-thread system in the heterotypic 
prophase, according to this scheme, arises by the pairing of the 
threads derived from the halves of the somatic chromosomes 
which have split by process of alveolization. Therefore, the 
resulting spireme from this pairing is univalent in nature, and 
any segment of it consists of a single somatic chromosome and 
the union of the paternal and maternal chromosomes takas 
place at the second contraction. A slight variation of this 
scheme, however, has been observed in Oenothera , by Gates,(12) 
Davis,(6, 7, 8) and Cleland;(5) in Fucus and Cutlcria , by Yama- 
nouchi;(26, 27) and in Lactuca, by Gates and Rees.(13) The 
spireme in the heterotypic prophase is observed as a single un¬ 
split filament, which arises by an irregular process of conden¬ 
sation, and the split preparatory for the second contraction is 
first observed only in the heterotypic anaphase. 

The foregoing description of the reduction division of Cocos 
uucifera presents strong evidence for the telosynaptic inter¬ 
pretation. During the early heterotypic prophase the chromatin 
threads are arranged in a very irregular manner and they are 
mostly found unpaired. Although in some cases it is possible 
to find threads that run closely parallel to one another for some 
distance, the degree of parallelism is too insignificant to amount 
to anything in support of the parasynaptic interpretation. This 
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occasional parallelism of the threads may be considered as mere 
chance, occurring in certain conditions as presented by Cocos 
nucifera. All my observations seem to corroborate the accounts 
of Gates,02) Davis,(G, 7, 8) Gates and Rees,(i3) and Cleland,(5) 
in which the spireme in the heterotypic prophase is said to be 
formed by an irregular process of condensation rather than 
by the union of two distinct threads. 

During the later period of the synezesie contraction the chro¬ 
matic knot appears very complex and the nature of the spireme 
is rather difficult to determine. This is the most critical period 
of the life-cycle of the heterotypic mitosis. The general signi¬ 
ficance of this contraction, and its relation to the changes that 
take place during the early heterotypic prophase, has been ap¬ 
parently the cause of many confusing accounts and interpreta¬ 
tions by many investigators. The massing of the chromatin 
material at one side of the nuclear cavity of the mother-cell 
nucleus previous to the formation of the chromosomes of the 
first heterotypic mitosis was first, observed in 1895 by Moore, (18) 
and he called it synapsis. Sargant,(22) i n 1897, reported that 
she observed the same condition, not only in fixed material, but 
also in the living pollen mother cell of Liliuni. Following the 
discovery of this phenomenon several eminent cytologists have 
taken a great interest in the study of synapsis in both animals 
and plants. Among the prominent students of synapsis may be 
cited the following: Allen,(l) who believes that the fusion of 
threads and of the chromosomes occurs very early in synapsis; 
Farmer and Moore,(10) who noted the long duration of this 
stage, the development and loosening of the spireme, and the 
relative increase in size of the nuclear cavity in Liliwm; Car¬ 
diff, (4) who states that in the plants studied by him, gravity 
determinevS the position that the mass shall take; and Gates, (12) 
who has published an account on the hybrid of Oenothera and 
pointed out the great reduction in length and the thickening 
of the spireme during synezesis. 

MottierUS) made a detailed description of synapsis and con¬ 
tradicted the theory advanced by Cardiff; Miss Fraser (H) 
observed synapsis in Humana , a fungus; Yamanouchi(2G) de¬ 
scribed the synapsis observed in Ncphroriium , a fern; Davis (G, 
7, 8) explains the phenomenon of synapsis as due to general 
and slow contraction of the reticulum away from the nuclear 
membrane, a contraction that carries most of the strands to¬ 
ward the center of the nucleus; Gregoire,(ll» 15,16) whose gen¬ 
eral interpretation does not differ very much from the others, 
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although he believes that the pairing of the maternal and pa¬ 
ternal elements takes place during this period of the nuclear 
activity; Lawsons,(17) who made a critical study of this phase 
of the heterotypic mitosis, believes that— 

. . . during this phase known as synapsis there is no contraction what¬ 
ever of the chromatin substance, and this contraction stage has nothing 
whatever to do with the blending or fussion of maternal and paternal 
chromatin threads and consequently plays no role in the process of chro¬ 
mosome reduction. 

In his concluding paragraph he states— 

My interpretation of the phenomenon known as synapsis is simply that 
it represents a growth period of the nucleus—a condition that is in har¬ 
mony with the peculiar organization of spore-mother-cells. It is a period 
during which the increasing' karyolymph exerts a great osmotic pressure 
from within. This pressure results in the extension of the nuclear cavity 
towards an intercellular space where there is least resistance from the 
neighboring cells. The chromatin mass is left behind, and its characteristic 
position at one side of the nuclear membrane is a perfectly natural one. 

On the other hand, Gates and Rees have shown by means 
of a scries of measurements in the growth period of Lactuca 
pollen mother cells, that in synezesis the reticulum undergoes 
contraction to approximately half the diameter of the resting 
nucleus, and that there is a steady growth of the nucleus. Their 
findings were corroborated by the writer’s observations on Elo- 
dea (jiganteaAZ 0,21) in which careful measurements on the 
growing period of the pollen mother cells were also made. 

Recently Digby,(9) in her extensive work on Osmunda , has 
indicated that during synezesis the association of the chromatin 
threads derived from the telophasic split of the chromosomes 
during the last somatic mitosis is consummated. While Gre- 
goireUh 15,10) agrees in the doubling of the spireme during 
the synezesic contraction, yet he believes that the pairing threads 
are of paternal and maternal origin. Therefore, these views 
seem to show that it is during the synezesic contraction when 
the doubling of the spireme takes place, and that this contraction 
is apparently the process responsible for the bringing together 
of the threads. In the case of Cocos nucifera , however, it seems 
that neither of the two interpretations can be applied. The early 
spireme appears to be distinctly single with a slightly unequal 
thickening in some places, while in some instances a slight par¬ 
allelism is observed. But these instances are rare in comparison 
with the cases in which the spireme is found single. The plau¬ 
sible explanation for this, therefore, is the unequal condensation 
and contraction of the various threads of the system. During 
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synezesis the delicate univalent threads gradually condense into 
a relatively short and thick spireme which becomes arranged 
into as many loops as the bivalent number of chromosomes. 
From this fact it is evident that in Cocos nucifera the chromo¬ 
somes of the heterotypic mitosis are not formed side by side 
through the parallel association of two distinct paternal and 
maternal elements, but are developed from a single spireme, 
which by segmentation forms thirty-two monovalent chromo¬ 
somes arranged end to end. 

Gates and Rees,(13) in their paper on Laduca, state that— 

The complete loops separate in the segmentation of the spireme. Each 
bivalent chromosome is thus constituted from the two arms of a loop. 
This structure condenses greatly, and it appears that in some cases at 
least the torsion remains. If this account of the formation of the bivalents 
is true, and we can see no escape from it, the synezesis has no part in 
bringing about the pairing, and its significance as a unique physiological 
condition of the nucleus remains entirely obscure. 

While the individual loops are gradually separated from each 
other by process of segmentation, they become short and thick 
and the free ends do not twist about each other, therefore true 
“strepsinema” does not occur in Cocos. The segments are dis¬ 
tinctly single in nature and no sign of fission or splitting can he 
noticed. As the process of condensation proceeds the spireme 
passes into a second contraction, the greater portion of the 
spireme filaments become collected and entangled at one side of 
the nucleolus. 

In the diakinesis stage of Oenothera franciscami , Cleland(fi) 
observed the constant and uniform linking together of bivalent 
chromosomes which, according to him, is— 

... a penomenon which can hardly be explained on a parasynaptic 
basis; and, the most reasonable explanation seems to be that the bivalent 
chromosomes represent sections of the spireme which occupied such a 
position in the nucleus that, when the whole system became condensed, 
the chromosomes found themselves linked in this very definite way. 

In the diakinesis of the mother cells of Cocos nucifera a more 
or less similar linking of the chromosomes is observed; this is 
strong evidence for the end to end arrangement, or telosynaptic 
interpretation. 


SUMMARY 

The chromatin reticulum in the resting stage of the pollen 
mother nucleus of Cocos nucifera Linnaris is granular in char¬ 
acter and is evenly distributed in the nuclear cavity. 
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In the early heterotypic prophase the chromatin threads are 
arranged in a very irregular manner and in them there is a 
very slight parallelism. 

The synezesis is brought about by the contraction of the reti¬ 
culum, accompanied by a rapid growth of the nucleus. The 
spireme is formed by an irregular condensation of the chromatin 
threads and appears at this stage single and unsplit. 

Following the long period of synezesic contraction the uni¬ 
valent unsplit spireme gradually spreads throughout the nuclear 
vacuole and forms loops equal to the gametic number of the 
chromosomes. 

Soon after the spreading of the spireme it passes into a sec¬ 
ond contraction, and this process is followed by the gradual 
separation of the loops from one another by segmentation. 

Each loop consists of two monovalent chromosomes arranged 
end to end. 

While the segments emerge from the second contraction they 
undergo considerable condensation and become shorter and 
thicker. 

The thickened segments at the early diakinesis stage appear 
like J’s, O’s, X’s, Y’s, and U’s, while in the later stages some 
of them simulate dumb-bell-shaped bodies, and still others, 
straight and bent rods. 

There are sixteen bivalent chromosomes, and in some in¬ 
stances, due to overlapping, there are fifteen. One of the chro¬ 
mosomes is strikingly larger than the others, while three of the 
chromosomes are smaller. 

The multipolar spindle appears after the dissolution of the 
nuclear membrane and nucleolus. 

At the metaphase stage the bivalent chromosomes are ar¬ 
ranged more or less evenly and symmetrically in one plane. 

All the sixteen bivalent chromosomes split lengthwise at the 
same time, and as the daughter chromosomes move toward the 
two poles they take on the V- or the J-shape, with apex toward 
the poles. 

The splitting, or fission, is observed only at the late telophase 
stage during the formation of the nuclear membranes of the 
daughter nuclei. 

The daughter nuclei resulting from the first division do not 
pass into anything resembling a typical resting condition. They 
soon reorganize and prepare for the homccotypic division. 

As the nuclear membranes and the nucleoli of the daughter 
nuclei disappear, the two homccotypic spindles make their ap- 
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pearance simultaneously. The univalent chromosomes proceed 
to the two equatorial plates and split lengthwise equally to form 
the four granddaughter nuclei. 

I wish to express my appreciation and gratitude to Miss Maria 
D, Pastrana for some of the material used, and to Mr. Demctrio 
Andres, who assisted me in the collection of the material from 
San Pablo, Laguna. 

BIBLIOGRAPHY 

2. Allen, C. E. Nuclear division in the pollen mother-cells of Lilium 
canadense. Ann. Bot. 19 (1905) 189-258. 

2. Bergiis, J. lift formation des chromosomes heterotypiques dans la 

sporogenese vegetalc. II. La Cellule 21 (1904) 380-394. 

3. BKRGHS, J. La formation des chromosomes dans la sporogenese vege- 

tale. IV. La Cellule 22 (1905) 141-100. 

4. Cardiff, I. D. A study of synapsis and reduction. Bull. Torrey Bot. 

Club 33 (1906) 271-303. 

5. Cleland, R. E. The reduction divisions in the pollen mother cells 

of Oenothera franciscana. Am. Journ. Bot. 9 (1922) 391-413. 

6. Davis, B. M. Cytological studies on Oenothera grandiHora. Ann. 

Bot. 23 (1909) 551-571. 

7. Davis, B. M. Cytological studies on Oenothera II. The reduction 

division of Oenothera biennis. Ann. Bot. 24 (1910) 631-651 . 

8. Davis, B. M. Cytological studies on Oenothera III. A comparison of 

the reduction divisions of Oenothera lamarekiana and Oo. gigas. 
Ann. Bot. 25 (1911) 941-974. 

9. Digby, L. On the archesporial and meiotic mitoses of Osmunda. 

Ann. Bot. 33 (1919) 135-172. 

10. Farmer, J. B., and J. E. S. Moore. On the meiotic phase in animals 

and plants. Quar. Journ. Micr. Sci. IV 48 (1905) 489 557. 

11. Fraser, H. C. I. Contribution to the cytology of Humana rutians. 

Ann. Bot. 22 (1908) 35-55. 

12. Gates, R. R. A study of reduction on Oenothera rubrinervis. Bot. 

Gaz. 48 (1908) 1-34. 

13. Gates, R. R., and R'. M. Rees. A cytological study of pollen develop¬ 

ment in Lactuca. Ann. Bot. 35 (1921) 365 398. 

14. Cregoire, V. La reduction numerique des chromosomes et les eineses 

de maturation. La Cellule 21 (1904) 297-314. 

15. Gr£goire, V. La formation des gemini heterotypiques dans les vege- 

taux. La Cellule 24 (1907) 369 420. 

16. Gregoire, V. Les phenomenes de l’ctape synaptique represent-ils une 

caryocinese avortee? La Cellule 25 (1909) 87-99. 

17. Lawsons, A. A. The phases of the nucleus known as synapsis. 

Trans. Roy. Soc. Edinburgh III 47 (1911) 591-604. 

18. Moore, J. E. S. On the essential similarity of the process of chro¬ 

mosome reduction in animals and plants. Ann. Bot. 9 (1895) 431- 
439. 

19 . Mottier, D. M. The development of the heterotype chromosomes in 

pollen mother-cells. Ann. Bot. 21 (1907) 309-347. 



434 The Philippine Journal of Science 

20. Santos, J. K. Differentiation among chromosomes in Elodea. Bot. 

Gaz. 75 (1923) 42-59. 

21. Santos, J. K. Determination of sex in Elodea. Bot. Gaz. 77 (1924) 

353-375. 

22. Sargant, E. The formation of the sexual nuclei in Lilium martagon. 

Ann. Bot. 11 (1897) 187-224. 

23. Schreiner, A. and K. E. Uebcr die Entwieklungder mannliehen 

Gcschlechtszellen von Myxine glutinosa. (L). Arch. d. Biol. 21 
(1905) 183 355. 

24. Schreiner, A. and K. E. Neuc studien fiber chromatinreifung der 

Gcschlechtszellen. Arch. d. Biol. 22 (1906) 1-70. 

25. Von Winiwarter, II. Rcserches sur l’ovogcnese et l’organngcnese de 

l’uvaire des mammifores (Eapin et Homme). Arch. d. Biol. 17 
(1900) 33-199. 

26. Yamanouchi, S. Sporogenesis in Nephrodium. Bot. Gaz. 45 (1908) 

1-30. 

27. Yamanouchi, S. Mitosis in Fueus. Bot. Gaz. 47 (1909) 173-197. 

28. Yamanouchi, S. The life history of Cutleria. Bot. Gaz. 54 (1912) 

441-502. 



ILLUSTRATIONS 
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spectively. The drawing were reduced to two-thirda in the reproduction. 1 

Plate 1. Cocos nucifkra Pinna-:us 

Fid. 1. A resting nucleus in pollen mother cell, showing a single large 
nucleolus and the uniformly distributed delicate threads with 
nodelike chromatic thickening, v 2733. 

2. A pollen mother-cell nucleus entering into early prophase; note 

the irregular thickening of the threads in the reticulum. 
X 2733. 

3. A definite stage of the heterotypic prophase. The reticulum is 

more defined, consisting of fine threads with irregular thicken¬ 
ing and nodelike chromatic granules at tin* junction of the 
meshes, x 2733. 

4. The beginning of the synezesic contraction and early stage of the 

spireme; note* its irregular thickening, x 2733. 

5. A portion of a superficial section of a nucleus entering into 

synezesic contraction in the same stage as fig. 4. X 3bGO. 

G. A more-definite stage of early synezesis, showing the gradual 
withdrawal of the early spireme from the nuclear membrane. 
X 2733. 

7. A superficial section of a nucleus in the same stage as fig. f>, 

showing the unsplit and univalent character of the spireme. 
X 3GGG. 

8. An early stage of synezesis. The unilateral massing of the chro¬ 

matin threads is more conspicuous and the meshes are greatly 
reduced in size, x 2733. 

Plate 2. Cocos nucipeka Linn/eus 

Fig. 9. A more-advanced synezesic contraction; the threads and the meshes 
are drawn into a close mass. A portion of the spireme is ex¬ 
tending across the nuclear cavity to the nuclear membrane. 
X 2733. 

10. The appearance of the spireme at the complete synezesic con¬ 

traction. X 2733. 

11. A thin tangential view of the synezesic knot in the same stage 

as fig. 10, showing the hazy outline and the spiral twisting of 
the spireme. X 3060. 

12. The univalent spireme emerging from the synezesic knot; note 

the delicate fibers connecting the loops to the nuclear mem¬ 
brane. X 2733. 
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13. The loosening of the spireme from the synezesie knot and the 

formation of loops is well underway. The spireme appears 
more distinct and uniform in character. X2733. 

14. A segment of a superficial section in the same stage as fig. 13. 

X 3666. 

15. An early stage of the hollow spireme; note the loops extending 

toward the periphery of the nuclear cavity and the well-defined 
and more-uniform outline of the spireme. X 2733. 

PLATE 3. Cocos NUCIFERA LlNNJEUS 

Flo. 1(5. A complete hollow spireme. X 2733. 

17. A later stage of the hollow spireme; the loops are shortening 

and the sides of each loop arc brought close together while the 
segmentation begins to take place, x 2733. 

18. Slightly older stage than the one shown in fig. 17. The approx¬ 

imation of the sides of each loop and the segmentation are 
more evident, x 2733. 

19. Early stage of the second contraction. X 2733. 

20. A complete second contraction. X 2733. 

21. The bivalent segments coming out from the second contraction, 

which are greatly thickened and shortened. X 2733. 

Plate 4. Cocos nucifera Linn/eus 

Fig. 22. The bivalent segments after the second contraction. X 2733. 

23. Early diakinesis stage. The bivalent segments are under the 
process of condensation and assume different configurations. 
X 2733. 

Flos. 24 and 25. Slightly older, two similar stages, showing the U-, Y-, J-, 
0-, and V-shaped chromosomes, x 2733. 

26a and 266. The two halves of the pollen mother-cell nucleus with 
sixteen bivalent young chromosomes. X 2733. 

Plate 5. Cocos nucifera Linnjeus 

Fig. 27. A tangential section of the nucleus, a slightly older stage than 
fig. 26, showing the X-, 0-, Y-, and V-shaped chromosomes. 
X 2733. 

28. Three bivalent segments in the same stage as fig. 27 under higher 

magnification. X 3666. 

29. A tangential section of the nucleus showing the appearance of the 

bivalent chromosomes after a greater condensation; shortening 
and thickening have taken place. X 2733. 

Figs. 30 and 31. Two diakinetic stages, one closely following the other. 

The bivalent chromosomes appear as dumb-bell-shaped and as 
straight and bent rods. X 2733. 

32 and 33. Another two successive stages of the late diakinesis, show¬ 
ing the formation of the multipolar spindle fibers, x 2733. 
Fig. 34. Spindle fibers becoming bipolars and the bivalent chromosomes 
are moving toward the equatorial region, x 2733. 
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Plate 6. Cocos nijcifera Linnaeus 

Fig. 35. A polar view showing the sixteen bivalent chromosomes at the 
equatorial plate, x 36(36. 

36. Side view of the metaphase of the first division, x 36(36. 

37. Typical side view of anaphase in which the daughter chromosomes 

are mostly V- and J-shaped with apex of V and J attached to 
the spindle. X 3(366. 

38. Early telophase of the heterotypic mitosis, x 3666. 

39. A somewhat oblique polar view of the same stage as fig. 38. 

The daughter chromosomes are mostly V-shaped, x 3666. 

40. A typical heterotypic telophase, showing the elongation of the 

daughter chromosomes, their splitting, and the formation of tho 
clear spaces between them. X 3666. 

41. A later stage of one of the daughter nuclei in the heterotypic 

telophase after the appearance of the nuclear membrane. 
X 3666. 

Plate 7. Cocos nucifera Linnaeus 

Figs. 42 and 43. Two stages of one of the daughter nuclei, indicating the 
very irregular shape of the daughter chromosomes apparently 
going to resolve, but remaining more or less in this condition 
for a short period and not passing to true resting stage. 
X 3666. 

Fig. 44. A polar view of the daughter chromosomes at the metaphase 
stage of the homotypic mitosis. X 2733. 

Figs. 46 and 46. Two views of homotypic metaphases. X 2733. 

Fig. 47. A homotypic telophase, showing the side view of the future 
granddaughter nuclei. X 2733. 

48. A granddaughter nucleus after the appearance of the nuclear 
membrane and the nucleolus, x 3666. 
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